TOL: HA. Makes shwart, 


. Perr 
A. Se, Assoc, LA.R-b 


~ 
= 
- 


The Journal of the Indian Botanical Society | 


Vol. XXXIII 1954 Nos. 1&2 


SECONDARY XYLEM IN PERENNIAL 
PLANTS* 


By K. A. CHOWDHURY 


*« Forest Research Institute, Dehra Dun 
1. INTRODUCTION 


EaRLy literature of a few centuries before Christ shows that the Greeks 
and the Indians had some general knowledge of the different tissues 
in the stem of a plant, but during the next two thousand years little 
attempt was made to study these parts in any detail. The nineteenth 
century saw a great activity in the sphere of plant anatomy and the 
secondary xylem received attention for only the last one hundred years. 
Nageli appears to be the first person to define the terms, ‘xylem’, 
‘phloem’ and ‘cambium’ as they are understood to-day, although 
sometime earlier Du Humel introduced the term ‘cambium’ (Eames 
and MacDaniels, 1925). In addition to these workers, Von Mohl, 
T. Hartig, Sanio and others made substantial contribution to our 
knowledge of anatomy and thereby laid its foundation well. 


During the last hundred years, two important philosophical events 
affected the thought and the activities of botanical workers. The first 
was the publication of the Origin of Species by Darwin in 1859. The 
second was the Mendel’s Law of Inheritance, first published in 1865 
and twice forgotten, which ultimately led to the birth of the science of 
genetics during the first quarter of the present century. The impact 
of Darwin’s theory of evolution came at a time when the anatomists 
had just started collecting data on the secondary xylem. Their field 
of investigation was vast but the actual achievement was very limited, 
and yet this did not prevent some workers from following the fashion 
of the day. Numerous theories on evolution were put forward, many 
of which later on turned out to be mere speculations. This brought 
about such a confusion that even to-day some botanists doubt the 
utility of studying the secondary xylem. On the other hand, the advance- 
ment in genetics during the last fifty years or so seems to have made 
little impression on the mind of the anatomists who specialize on 
secondary xylem. Except for some comparative studies of parents 
and offsprings (Chowdhury, 1931), nothing more seems to have been 
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done. The anatomists, however, have not been idle. In fact, consi- 
derable progress has been made during the last forty years on different 
aspects of secondary xylem. In this paper I have planned to indicate 
in broad outlines some of the important achievements that have been 
made. These achievements can be placed under three heads, namely, 
study of variation, study of ancient plants and study of phylogeny. 
Finally, it is also my intention to suggest some lines of future investiga- 
tion. 


Here I wish to point out that sometimes conclusions drawn on 
the study of herbaceous plants have been applied to perennial plants. 
There is hardly any justification for this. Herbs live for a few months 
and complete the life-cycles within a year or so, while trees live for 
a hundred years or more. The primary objective in the herbs during 
their short life is the production of seeds to carry on the race, whereas 
the perennial trees, in many cases, do not produce seeds for the first 
fifteen to twenty-five years of their life. Furthermore, some peren- 
nial plants which are in the habit of bearing large quantity of seeds 
only every third or fourth year, have shown some relation between 
the production of secondary xylem and the seed-bearing habit. For 
example, Shorea robusta Gertn. f. often produces very little secondary 
xylem a year before the seeding year. These facts provide sufficient 
justification for treating the perennial plants as a group and trying 
to understand different aspects of their life. Since production of 
secondary xylem is one of the main functions of the perennial plants, 
they provide an excellent material for the study of this organ. 


A word of warning may not be out of place here. In the past, 
study of the secondary xylem present in the herbarium specimens has 
led to some confusion. Experience has shown that the anatomy of 
juvenile secondary xylem is often different from that produced later 
in life. There is, therefore, some risk in drawing conclusions based 
on the study of herbarium materials of perennial plants. 


2. STUDY OF VARIATION 


The first step towards an understanding of biological objects is 
the study of their variation. This, however, is not always recognised 
and as a result there is much confusion in the literature on plant ana- 
tomy. The study of variability in the secondary xylem has thrown 
considerable light on the way this tissue is organized and some of the 
findings are recorded below. In the perennial dicotyledons, three types 
of xylem have been recognised, namely, diffuse-porous, ring-porous 
and semi-diffuse porous or semi-ring-porous. Some overlapping in 
these three types has also been observed for some years now. But a 
recent study of these plants has brought to light some very interesting 
facts. There appears to be three sub-groups in the diffuse-porous type. 
The first contains those which always remain diffuse-porous showing 
little effect of the environment in which they grow. For example, 
Acer (Sapindacee), Cornus (Cornacee) and Michelia (Magnoliacea). 
The second sub-group contains those which show usually diffuse-porous 
but occasionally semi-ring-porous structure. The anatomical varia- 
tion exhibited by these does not seem to have any relation with their 
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environments. The typical examples are Diospyros (Ebenacea), Juglans 
(Juglandacee), Swietenia (Meliacew) and Terminalia (Combretacea). 
Finally, there are those which are diffuse-porous in favourable climate 
but turn semi-ring-porous to true ring-porous under extremely un- 
favourable conditions of growth, for example, Betula (Betulacea), 
Grewia (Tiliacew) and Salix (Salicacee). 


It has also been found that the true ring-porous are not confined 
to only temperate climate. They occur both in temperate and 
tropical climate; there may be more ring-porous trees in temperate 
countries than in tropical countries. The well-known genera of ring- 
porous trees in temperate climate are Fraxinus (Oleacee), Quercus 
(Fagacee) and Ulmus (Ulmacee) while in tropical climate there are 
Tectona (Verbenacee) and Lagerstremia (Lythracea). 


The last group contains those which show all possible variations 
from the true diffuse-porous to true ring-porous structure in the one 
and the same tree. These variations have been found to be independent 
of the environmental conditions in which the trees grow. Gmelina 
(Verbenacea@) is the only genus in which I have come across this pheno- 
menon. 


Some progress has also been made in the understanding of the 
variability that occurs in the cell elements which form the secondary 
xylem. Amongst the fibres, septate fibres have been studied in some 
detail at Dehra Dun (Purkayastha). These usually live longer than 
fibre-tracheids and produce septa which appear to lack secondary 
thickenings. In some genera, e.g., Protium (Burserace@) there is little 
effect of environment on the formation of septate fibres, while in others, 
e.g., Lagerstemia (Lythracee), the percentage of septate-fibres varies 
from locality to locality depending on the environments (Plate I). 
Furthermore, the septate fibres and the crystalliferous are interrelated. 
Some septate fibres develop crystals in the later stage of their life and 
-form what are known as crystalliferous fibres. 


The variability of structure produced by the parenchyma cells 
is very complicated and at present far from clearly understood. A 
few years ago, an attempt was made to roughly classify the apotracheal 
parenchyma (Chowdhury and Ghosh, 1946), Further investigation 
shows that some genera exhibit considerable variation in the thickness 
of their apotracheal bands, while others vary only slightly or not at all. 
In the genus Ficus (Moracee), the thickness of the apotracheal band 
varies from 6 to 13 cells and is somewhat related to the rate of growth 
(Plate III), while in Kydia (Malvaceae), the band is made up of mostly 
2 cells and shows little effect of the width of the growth ring (Plate II). 
A clear picture is now also available of the rdle that the initial paren- 
chyma cells play in the transformation of diffuse-porous woods into 
ring-porous woods (Chowdhury, 1953 a). 


As regards rays, the horizontal tissues, attempts to classify them 
by different workers have not yet led to any general agreement. The 
basis of this disagreement may partly be due to the fact that many 
workers have tried to classify the rays by studying them at random 
on the tangential surface. It is quite possible that a study of their 
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cellular structure from the inception to maturity will remove some of 
the present confusions. At present two points require immediate 
attention: whether there is any basis for classification into homo- 
geneous and heterogeneous rays and whether the homogeneous and 
heterogeneous arrangements of rays are plastic or not? 


The study of variation in the secondary xylem and its cell-ele- 
ments, has brought out three important points. Firstly, in some 
genera variation is caused by a change in the environmental condi- 
tions, while in others no such effect occurs. Secondly, all the cell- 
elements of any secondary xylem are not equally affected by environ- 
ment. In this respect, each element appears to be controlled by its 
inherent characteristics. Thirdly, there are some risks in classifying 
mature tissues and elements without a knowledge of the different 
stages of their development from inception to maturity. 


Confirmation of these findings would now appear to be necessary 
by experiments both in the field and in the laboratory. The anatomical 
variation at generic levels may be established by studying the secondary 
xylem obtained from various localities throughout its natural distribu- 
tion. This will also indicate the effect of environment to some extent. 
By field experiment further effect of environment may then be elimi- 
nated. At this stage I was able to get over the time factor involved 
in the field experiments of perennial plants by studying materials from 
trees planted in botanical gardens. Where thought: necessary, labo- 
ratory experiments may also be carried out by using the recent tech- 
nique developed for studying cambium and its derivatives (Jacquiot, 
1953). Results of these investigations are sure to throw more light 
on the problem of variation in the secondary xylem. 


3. STUDY OF ANCIENT PLANTS 


The ancient plants are known to provide the most reliable informa- 
tion on the evolution of the present vegetation. Those which are not 
so old, say about 5,000 years, are usually found during the archeological 
excavations and the uncovering of silted beds. Pieces of wood and 
charcoal obtained by these methods show little difference between 
the secondary xylem of then and now. It may not be always possible 
to trace the old materials to living species but there is no doubt about 
their similarity with the living genera. The very old secondary xylem, 
believed to be remains of the ancestors of modern perennial plants, 
is normally recovered in fossilized state. Some petrified woods of 
Early Cretaceous age have shown complete similarity in all details of 
anatomical structure with those produced by the modern trees. More- 
over, all the variations that are found in the modern secondary xylem, 
are also exhibited by these ancient woods. This leads one to conclude 
that in the secondary xylem of some perennial plants very little change 
has taken place during the last one hundred million years. At the 
same time there are fossil woods which show similarity with the modern 
woods only in gross but not in minute anatomy. This group raises 
two important issues. Do they show the different stages of evolution 
through which they had passed before they reached the present state 


a 
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or do these fossil woods belong to some perennial plants which are 


‘no longer in existence? Till further information is collected on both 


these points, no conclusion can be drawn. This only means more 
work on fossil woods. 


4. StTuDY OF PHYLOGENY 


During the early post-Darwinian period two ideas dominated the 
activities of biological workers. It was believed that almost all parts 
of a plant could be interpreted with the help of the theory of functional 
adaptation. It was also believed that all members of a group of plants 
could be traced to a common ancestor. These common ancestors 
could again be traced back to a remote ancestor. In this way, the line 
of evolution could be traced back to a single organism. It was there- 
fore a belief in the monophyletic origin of the Vegetable Kingdom. 
This view lasted unchallenged for about 3—4 decades and then some 
workers indicated the possibility of polyphyletic origin of plants. 
Since then both views have their supporters. Owing to innumerable 
gaps in our knowledge of the ancient plants, it is not known when, 
if ever, we shall be able to come to any definite conclusion on either 
of these two views. 


For the last forty years or so, systematic anatomy of secondary 
xylem belonging to many families, has been studied in much detail 
in universities and laboratories. The results of these investigations 
have not only widened our knowledge of the anatomical structure of 
different families, genera and species, but also have given us an insight 
into the different rates of evolution that have taken place in the external 
morphology and the anatomical characters of xylem. Bailey (1951) 
has made some important remarks in this connection. In his opinion, 
all parts or tissues of an organism do not show a synchronised evolu- 
tion. This fact is often lost sight of causing considerable confusion 
in our understanding of the classification and phylogeny of the dicoty- 
ledons. I should like to go a little further and say that Bailey’s gene- 
ralization applies not only to the tissues or parts of a plant but also 
to the elements which make up the tissues. In any case, synchronized 
evolution in different elements of a tissue does not appear to be a 
common occurrence. Furthermore, years’ study. of the secondary 
xylem has brought to my notice many cases of parallel or convergent 
evolution in the elements of this tissue, but I have not so far observed 
any case in which two woods belonging to different families have 
shown identical structure in all macroscopic and microscopic details 
(Plate IV). 


The origin of the dicotyledons being still obscure, there is no 
direct proof as to the type of xylem the primitive dicotyledons had. 
The comparative study of the fossil and modern secondary xylem has 
led to the belief that originally all dicotyledons had diffuse-porous 
woods and that the ring-porous structure developed later on as a result 
of changes in the climatic conditions. It has also been suggested that 
cold winters or alternating very dry and wet seasons have been res- 
ponsible for the production of ring-porousness. After the discovery 
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of the semi-diffuse-porous or semi-ring-porous structure, once again 
the environmental conditions were said to be the reasons for the 
structural variation. However, our recent study (Chowdhury, 1953 5) 
of the three main types of secondary xylem in both fossil and modern 
plants, has thrown considerable light on their evolution. It appears 
that some modern genera belonging not only to the main types but 
also to their sub-groups, were in existence in the Tertiary period and 
even earlier. They show little change in their xylem anatomy during 
the last one hundred million years or so. Furthermore, the ring-porous 
trees are not of so recent origin as they were thought to be at first. 
There is no doubt now that some of them were in existence in the 
Early Eocene period. There are, therefore, sufficient data now to draw 
“the conclusion that the differentiation of genera took place during 
the Early Cretaceous period, and that the trends of evolution inherent 
in some genera have undergone little or very restricted change. Since 
then the evolution of the various species in a genus has been going 
on in different directions at different rates, depending on many factors,. 
of which the important ones are the genetic variability, the structure 
of population and the nature of adaptation to environment and the 
mutation”? (Stebbins, 1950). Wen 


Attempts have also been made to determine the phylogenetic 
value of a single cell-element or a particular character of an element 
of secondary xylem. In his study of dicotyledonous woods, Chalk 
(1937) showed that fibres, parenchyma cells, vessel perforation plates 
and storied structure are of some value in this respect. He took the 
scalariform perforation plates as the least specialized and the storied 
structure as highly specialized. Those woods which do not show 
either of these, were considered as intermediates. He was of opinion 
that ““whole forms a body of evidence that cannot be the result of 
chance”. However, the most important contribution has been made 
by Bailey and his co-workers. For many years Bailey carried out an 
intensive study on tracheary elements and collected information on 
their length, end walls and perforations and intervascular pitting. 
By this means he built up stage by stage many phylogenetic series and 
ultimately the story of the evolution of the tracheary elements. Accord- 
ing to him (Bailey, 1953) ‘‘The volumes of supporting data that have 
now accumulated, make the evolutionary story one of the most exten- 
sive, complete and convincing amongst either plants or animals.” 


In summing up it may be said that the secondary xylem is a suitable 
material for studying the origin of the modern perennial plants. The 
first step will be to have a clear understanding of the variation in the 
anatomical structure. The part played by the environment may not 
be so important as has hitherto been believed. In the light of the 
modern research on the degree of plasticity of genotype, there is much 
that still remains to be done. Time factor no doubt plays a great 
part in the field experiments on the perennials but this can be partly 
got over, as has been mentioned elsewhere in this paper. In any case, 
considerable information can be gathered from the material obtained 
from various localities throughout the natural distribution of the genus. 
Analysis of these data will indicate what further field experiment is 
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necessary. When complete information is available, the laboratory 
experiments in culture media may be taken up. Here caution is neces- 
sary to create as far as possible the conditions that are normally met 
with in the perennial plants. The continuity of vital activity for 
many years has to be carefully looked into. In course of these investiga- 
tions, information on the inception, development and maturity of 
different cell-elements may be found out. It will also be necessary 
to know how one type reduces in number and another type increases 
proportionately. Thus we shall have a clear understanding of the 
secondary xylem and its limitations. Along with this study, we must 
not neglect to check up our observations with the records of the past. 
Study of the fossil secondary xylem must be continued so that we shall 
some day in future be in a position to build up a history of evolution 
of the xylem of the modern perennial plants. 
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EXPLANATION OF PLATES 


PLATE I. Tangential section of Terminalia tomentosa showing variation in the 
occurrence of septate fibres. (x 110) 


PLate If. Apotracheal parenchyma in Kydia calycina showing no effect of rate 
of growth on the number of cells in the band. (x 110) 


Prate III. Apotracheal parenchyma in Ficus spp. showing effect of rate of 
growth on the number of cells in the band. (x 15) 


Pirate IV. End view of Parastemon (Rosaceae) and Mesua ferrea (Guttiferw). 
Note apparent family affinity in gross structure but there is con- 
siderable difference in minute anatomy. (x 12) 


THE ECOLOGICAL TECHNIQUE OF THE 
INTRODUCTION OF EXOTIC 
TREES IN INDIA 


By G. S. PurRI 


Ecologist, Forest Research Institute, Dehra Dun 
(Received for publication on November 7, 1953) 


THE subcontinent of India is rather thinly forested, and excepting for 
the Himalayas and some hilly regions of South India the proportion 
of forest area to the total area of the land is not sufficient to preserve 
the essential climatic and physical conditions required for the proper 
maintenance of life in this country. In the Indo-Gangetic plains, which 
are largely under agriculture, there is an acute need for raising large 
plantations of forest trees. Here Farm forestry or fuel plantations 
are extremely essential for the well-being of the people. The reaffor- 
estation of the Indian desert with suitable forest tree species is engag- 
ing the attention of the Government of India to arrest the spread of 
desert conditions to other parts of the country. 


In the Himalayas, although conditions do not appear as bad as 
elsewhere, there are extensive tracts even in the catchment areas of big 
rivers from where forest growth has been indiscriminately destroyed in 
the past and sooner or later the problem of reclothing these cold deserts 
with a view to assuring the regulated supply of water and protection 
from disastrous and sudden floods, will have to be considered much 
more seriously than has been done in the past. 


The forest vegetation that is now present in most parts of the 
country is not a climatic climax, but it comprises of a number of com- 
munities preserved in their present state by special features of the 
habitat. The species comprising any such community may not be 
altogether suitable for replanting these areas, as edaphic conditions 
must have very considerably changed and the biotic factor must have 
provided special protection for some species against others. The 
reafforestation programmes can be expected to yield results only if 
these are based on ecological study of relict vegetation, patches of 
which are present in some form or the other in the area. The merit 
of this study for the proper selection of species will be dealt separately. 
In this note some techniques for the introduction of exotics will only 
be considered. 


The use of exotic species for reafforestation may be favoured in 
some cases on account of their superiority to indigenous species, either 
economically, or in growth and development characteristics. For 
many years, wattles, and Eucalypts have been tried with success in 
many parts of South India. Casuarina equisetifolia plantations have 
been raised in South India along sea coast, as well as in inland areas. 
In the Himalayas, several Mediterranean species such as Castanea 
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sativa, Fagus sylvatica, Quercus robur, American poplar, European 
hawthorn and hazel have been tried with fair success, as solitary trees 


or in experimental gardens. But it is difficult to say what their effect 


will be in forest areas and how they will be able to compete with indi- 
genous vegetation under natural conditions. Data are available only 
for two species and these will be discussed in the following few pages. 


One of the East Asian species which has established itself remark- 
ably well in the Eastern Himalayas is Cryptomeria japonica. This 
species has been found to be useful for newspaper production and the 
West Bengal Forest Department have been interested in raising large- 


* scale plantations in the Darjeeling District for this purpose. The other 


is Casuarina equisetifolia, which has proved its worth as a fuel species. 


The introduction of these species in India has not been based 
on prior ecological studies of the area. Experiments at some places 
have been successful in the first rotation but in the second or/and sub- 
sequent rotations the species have either not shown sufficient growth 
or it has suffered from ill-effect of climate, or fungus, and insect attacks. 
The proper care and maintenance of Casuarina plantations in the States 
of Madras and Orissa have assumed one of the pressing problems 
of Indian forestry to meet the demands of fuel. 


The extension of teak and sal plantations has raised similar, 
though less troublesome, problems. In the States of Bombay, planted 
teak seems to suffer from competition from Lantana camara on some 
habitats, and from bamboos on the others. In both types of habitat, 
teak stems have been found to be heavily infected from Loranthus. 
The physical method of the destruction of weeds from teak plantations 
have not proved of much success. 


In the States of West Bengal and Assam, sal plantations are 
becoming increasingly infested with a troublesome weed Eupatorium 
odoratum, on some habitats, and with Lantana on the others. 


Examples could perhaps be multiplied to show that the “trial 
and error” method for the introduction of exotics may prove much 
more expensive than the scientific methods. It would, therefore, be 
useful to evolve some scientific method for the introduction of exotics 
and the extension of indigenous species to areas outside their natural 
geographical limit. 

SCIENTIFIC METHOD OF PLANT INTRODUCTION 


A good deal of work has been done in the United States of 
America and Europe on the introduction of crop plants from different 
parts of the world to these regions. One of the earliest method adopted 
in the United States of America was proposed by Merriam (1898) in 
his work on life zones and crop zones of the United States. This 
method utilised temperature data of the two areas in which plant 
introduction was to be planned. 

The life zone method was improved for the States by Livingston 


and Shreve (1921) who used the ratio of precipitation to evaporation 
as an index to tolerance of plant growth to new conditions. 
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Later on, Koppen (1931) presented a classification of climates for 
the whole world in which his five main climatic groups are based on 
monthly and annual means of precipitation and temperature. 
Thornthwaite’s (1933) recent classification was based on precipitation/ 
evaporation ratio and temperature/evaporation ratio and seasonal 
distribution of rainfall. 


Utilising these data, Nuttonson has recently developed in the 
United States of America, agroclimatic-analogue or homocline-tech- 
nique for the introduction of crop plants belonging to different parts 
of the world into North America. The agroclimatic-analogues are 
‘‘The areas that are enough alike with respect to some of the major 
weather characteristics affecting crop production, particularly during 
the growing period, to offer a fair chance for the success of plant 
material transplanted from one area to its climatic counter-parts’’. 
‘“The elements of comparison are mean monthly and yearly tempera- 
tures, average monthly, seasonal and yearly precipitation, precipitation 
effectivity indexes and ratios (Thornthwaite’s method), length of 
frostless period, and geographical latitudes.” 


Nuttonson (1947) has published interesting data for Ukraine, 
Poland, Czechoslovakia, Ugoslavia, Greece, Albania, China, Germany 
and Japan and further studies for other areas are in progress. In 
addition to the climate and latitude factors of the two areas to be 
compared for plant introduction purposes, Nuttonson has used pheno- 
logical indications of the uniform plant material for further close 
comparison. 


Reviewing the work on agroclimatic-analogues, Howe (1948) has 
commended Nuttonson’s work and suggested a rier ecology Institute 
for Britain. 


Hanson (1949) has recently critically examined these studies and 
has suggested that for plant introduction purposes, factors of the 
environment other than the climate and latitude should also be utilised. 
He states that “If the suitability potential of local environment of one 
-region are to be evaluated in reference to those of another region... 
it is desirable to utilize all available information from the fields of 
climatology, soils, topography, latitude, altitude, crop geography, 
natural vegetation, agricultural practices and the phenology of all kinds 
of crop plants, including fruit trees, vegetables, and grasses.”’ This 
method can, perhaps, be of some use in evolving plant introduction 
technique for forest trees. 


In connection with ecological studies some data are available for 
two exotics that have been tried in India and it may be interesting to 
review these in the light of our enquiry. 


Cryptomeria Japonica — 


Cryptomeria japonica is a native of China and Japan, and besides 
India has been introduced into Australia, Kenya, Mauritius, and 
Nyasaland, with varying success. In India, it is planted in Assam, 
Darjeeling and in the Western Himalayas at Simla and in the South 
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Indian hills at Nilgiri. It has become more or less naturalised in the 
Eastern Himalayas in Darjeeling Hills and grows between the altitudes 
of 4,000 and 7,000 feet, mostly on moist soil derived from morainic 
deposits. The rainfall of the region varies between 111 inches to 
140 inches per year, with maximum rainfalling during the months of 
June, July, August and September. The winter months in these hills 
have also some rain and little snow. The growth of this tree is very 
rapid in Darjeeling, but in its native home in Japan, where the rainfall 
varies between 60 inches and 90 inches, its growth is not so rapid with 
10 to 14 rings to an inch as against 2 to 3 rings to an inch in India. 


Cryptomeria japonica has been grown with success in Oak-Laurel 
Community in the Darjeeling forests. The main species of the com- 
munity are Quercus lamellosa, Quercus lineata, Quercus lanceaefolia, 
Quercus spicata, Machilus jameana, Michelia cathcartii, Michelia excelsa, 
Michelia lanuginosa, Nyssa javanica, Litsea salicifolia, Eleocarpus 
sikkimensis, Buchlandia populnea, etc. 


In addition to Cryptomeria, plantations of some of the above 
indigenous species have also been tried side by side. 


With a view to see the effect of Cryptomeria on the soil conditions, 
a few soil profiles were examined in 1950. Samples were collected - 
at depths of 0 inch, 12 inches, 24 inches, 36 inches, 48 inches, 60 inches 
and 72 inches; and exchangeable calcium, loss on ignition, nitrate 
nitrogen and pH which constitute a good index of soil fertility were 
determined. The results are presented in Table I. 


The data show that soil fertility conditions (pH and calcium 
content) do not seem to deteriorate in general under plantations of 
Cryptomeria. The soils of this region are generally acidic with a low 
pH value but indications are that, under Cryptomeria plantations even 
with a low rotation, pH may increase rather than decrease. Calcium 
status of the soils also seems to be higher under Cryptomeria than in 
the high forests. There seems, however, to be one danger, for nitrate 
nitrogen content under Cryptomeria does not seem to be higher than 
under natural vegetation. With a view to have further information 
on the soil conditions under Cryptomeria and indigenous species, 
mature leaves of a number of species were analysed for ash, calcium, 
nitrogen and C/N. The data are given in Table IJ. 


Foliar calcium in Cryptomeria is fairly high and the indication 
that soil under plantations of this species would not deteriorate seems 
to be confirmed. There are, however, indigenous plants like Symplocos 
ramosissima and Ostedes paniculata which will also tend to maintain 
a high calcium status of these soils. Nitrogen content in Cryptomeria 
leaves is, no doubt, the lowest from all other species examined in the 
area and if pure plantations are raised there seems to be a danger of 
setting in of infertile conditions in surface layers of the soil. Pure 
plantations may, therefore, be avoided and a certain number of species 
with high foliar N, should be planted with Crypfomeria. 


The soil and foliar analysis results reported above seem to indicate 
that introduction of Cryptomeria japonica into Darjeeling hills will 


TABLE I. Analysis of soils for Darjeeling District 


Pro- ae Depth Ca in | % loss : 
file Locality eae in pH milliequi-, on % N Species 
No. orl” inches valents | ignition 
zon . 
en eee 0 | 55 | 59-00 | 17-70 55 | Dhupi 
Division, 12 4-5 52-60 6-89 -187 | (Cryptomeria 
Hum-4 24 4:5 51-20 6-69 japonica) 
36 4:5 49-80 6-74 Manson’s 
48 4:5 46-20 5-89 plantations 
60 4-5 50-40 6-99 
72 4-5 42-40 6-16 
3 Darjeeling 0 4°6 56-40 15-30 -37 | Dhupi 
Division, 12 4-4 54-80 14-45 +208 | (Cryptomeria 
Lingding-3 24 4-5 54-00 8-82 japonica) 
: 36 4-4 49-80 7-77 1937 
48 4-4 50-00 8-75 plantation 
60 4-4 45-80 8-02 . 
72 4-4 30-40 5 +55 
6 | Darjeeling 0 | 5:0 | 57-2 33-15 -67 | Dhupi 
Division, 12 4-7 58-0 7-10 +13 (Cryptomeria 
Lopchu-3 24 4-5 48-6 7-65 | japonica) 
7 36 4-4 46-8 6-05 1928 ; 
48 4-4 40-0 5-60 plantation 
8 Darjeeling 0 4-9 62-0 44-90 1-22 | Dhupi 
’ Division, 12 4-2 47-0 12-15 (Cryptomeria 
Lopchu-3 24 4-4 50-6 10-55 japonica) 
36 4:3 47-2 9-42 1928 
48 4:3 42.2 8-77 plantation 
60 4-4 43°4 7-22 
72 4:4 44-8 7:10 
5 Darjeeling 0 4-9 60-00 28-77 -936 | High forest 
Division, 12 |- 4°8 56-60 10-20 +24 of broad- 
Lopchu-5 24 4-8 60-00 9-00 leaved 
36 4-7 55-6 7-50 species 
| 48 | 4-6 | 46.9 545 
60 4-6 39-6 4-82 
7 Darjeeling O°| 4:4 50-8 47-42 1:43 | High forest 
Division, 12 4-4 44-0 8-96 +133 of broad- 
Lopchu-6 24 4°3 32-4 5-50 leaved 
36 4-3 22-2 2-95 species 
48 4-3 21-6 3-90 
60 4:3 22-6 2°50 
72 | 4:2 24-0 2-27 
4 Darjeeling 0 4-9 47-60 12-40 +355 %| Miscellaneous 
Division, 12 4-6 43-2) 7-30 (1948 
Lingding--3 24 4-5 50-60 7-65 plantation) 
36 4-5 49-80 2-72 
48 4:4 52-40 9-00 
60 4:5 47-60 7:27 
72 45 48-80 8-12 
2 | Darjeeling 0 4-6 55-40 30°54 | -946 Pipli 
Division 12 4-7 49-40 13-60 +438 (Bucklandia 
24 4:7 54-80 8-67 populnea) 
36 4°6 52-80 10-40 Manson’s 
48 44 36-80 7-14 plantation 
60 aoe 50-80 
4 
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TaBLe If. Foliar analysis of mature leaves, on % dry basis of leaves 


(So TR 
A Ss S s 
Z Species o a 4 t! = | Remarks 
5 Z < 6) 
4 
1 | Zleocarpus sikkimensis| 0+94 | 2-38 | 4-51 | 48 | 20 | From Profile No. 2 
2 | Quercus spicata.. --| 1-06 | 1-62 | 4-6 | 48 | 30 do 5 
3 | Litsea salicifolia e+] Tol] | 1-75 | 5-6 | 48 | 27 } do | 2 
4 | Quercus lanceefolia ..| 1-16 | 1-62 | 4-52 | 48 | 30 |Average of 2 samples from 
Prof. Nos, 7 and 8 
5 | Wichelia catheartii ++| 1-18 | 2-34 | 6-68 | 47 | 20 | Average of 3 samples from 
Prof. Nos. 7, 5 and 2 
6 | Machilus gammieana ++| 1-29 | 1-20 | 5-26 | 48 |.40 | Profile No.3 
7 | Nyssa javanica ..| 1-30 | 2-59 | 6-10 | 47 | 40 | Average of 2 samples from 
Prof. Nos. 5 and 7 
8 | Glochidion acuminatum | 1-33 | 3-17 | 6-13 | 47 | 15 | Profile No. 2 
9 | Quercus lamellosa ++! 1634 | 2-02 |] 5-4 | 48 | 24 do 4 
10 | Michelia excelsa ..| 1-61 | 2-70 | 7-82| 46/17] do 4 
11 | Wichelia lanuginosa ++\ 1-61 | 2-06 | 8-05 | 46 | 22 do 5 
12 | Alnus nepalensis ++! 1-67 | 2-91 | 7-02 | 46 | 16 do 4 
13 | Zurya symplocina —++| 1-99 | 8-18 | 7-07 | 46 | 14 do 5 
14 | Cryptomeria japonica ++| 2-64 | 0-89 | 6-19 | 48 | 54 | Average of 4 samples from 
Prof. Nos. 1, 3, 6 and 8 
15 | Symplocos ramosissima | 2-95 | 1:90 \11-15 | 45 | 24 | Average of 2 samples from 
Prof. Nos. 2 and 7 
16 | Ostedes paniculata ++| 3-20 | 1-80 |12-07 | 44 | 24 | Profile No. 5 


not in any way deteriorate fertility of the soils, provided a certain 
number of nitrogen-rich species are introduced into plantations of 
this species. The most suitable species for this purpose would be 
Eurya symplocina, Glochidion acuminatum, Eleocarpus  sikkimensis, 
and Nyssa javanica. Alnus nepalensis, Michelia excelsa may also be 
quite useful, if further mixture is desired or if heterogeneity of soil 
conditions is met with in the plantation area. 


Casuarina equisetifolia 


Casuarina equisetifolia is another species which is extensively 
planted for fuel in some parts of this country and has a great future. 
Its chief centre of distribution is Australia, Malayasia, and the Pacific 
Islands and in addition to India, it is planted on seashore in Burma, 
Ceylon and the Andamans. In South India, it is planted chiefly 
along the east coast and also in inland areas. On account of its ability 
to grow on sandy soils it is extensively used also for anti-erosion pur- 
poses. The pH value of plantation soils varies between 4-5 to 8:0, 
though its best growth has been seen in pure plantations on alluvial 
deposits along the river Cauvery, on soils with pH value of 7:5 to 8-0. 


«14 ' GoSnPURE 


Recently, large-scale casualty has been seen in Casuarina planta- 
tions on all types of soils. Mortality has been found in some cases 
to be due to a fungus—Trichosporium. But even in those trees which 
show no sign of a fungus attack, death and stunted growth has been 
seen. 


_ So far as the climatic conditions are concerned, the plantation 
sites in India have probably similar climate to native home of Casuarina. 
It is considered that within a uniform climatic belt the growth attained 
on different soils is different but the causes of the death of equally 
well-grown plants along with healthy trees on one and the same soil 
in a plantation has not been satisfactorily explained. It has been 
attributed to be due to nitrogen deficiency (Bakshi, 1951) or due to 
an unsuitable morphological feature of the soil (Gupta, 1951). It 
may be interesting to examine this case as well in the light of ecological 
technique of plant introduction. 


In Sriharikota Island, the native vegetation which is cleared to 
raise Casuarina plantations is composed mainly of Calotropis gigantea, 
Memecylon edule, Albizzia amara, Eugenia jambolana, Maba buxifolia, 
Strychnos nux-vomica, Feronia elephantum, Albizzia lebbek, Garcinia 
spicata, Ochna squarrosa, Sapindus emarginatus, Glycosmis pentaphylla, 
Pavetta indica, Ficus bengalensis, etc. These species form fairly dense 
communities. Ecological conditions in these were studied at a number 
of places in 1950 and the data are given in Table III. 


When original vegetation is clearfelled and a pure plantation of 
Casuarina is raised, the soil conditions undergo interesting changes 
as will be seen from Table IV. 


A comparison of loss on ignition and nitrogen content under 
indigenous vegetation and in pure plantation of Casuarina on the same 
type of soil shows that nitrogen content and organic matter is less 
in pure plantations. The calcium content in the two cases does not 
seem to be much different and as the area has somewhat dry condition 
the loss of calcium from the upper soils is not to be much feared of. 
But differences in nitrogen and organic matter content in the two 
cases, though small, are more interesting. 


It is difficult to say why Casuarina plants in pure plantations suffer 
from insect and fungus attack but if the cause is due to lack of nitrogen 
and organic matter then one of the remedies against this would be to 
plant trees of Azadirachta indica, Dalbergia sissoo, Anacardium occi- 
dentale, Pongamia glabra, Pithocolobium dulce, etc., in mixture with 
Casuarina. The merit of raising a mixed plantation will be evident 
by a comparison of the data on foliar analysis of some of the indigenous 
species and Casuarina given in Table V. 


Of the species mentioned as suitable for planting with Casuarina 
Pongamia glabra, Pithecollobium dulce and Azadirachta indica have 
high foliar nitrogen. Foliar nitrogen in Casuarina is rather low, there- 
fore, the role of nitrogen-rich species in Casuarina plantation is obvious. 
From Table V, it will be seen that from the point of view of nitrogen 
economy of soils under Casuarina it will be advantageous to have a 
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TABLE III 
2 Geologi-|-= y £38/2 5 ; 
S39 Locality cal |$.4/ pH 738 2§5] % N | Junglewood Species 
MA F a0 Cie r=] 
a horizon | os Ome TS & 
Q f=] _ 
13 Sriharikota | Recent 0 8 | 13-0 3-56 | 0-11 Calotropis gigantea 
sea sand | 17 9 | 14-60 0-42 
36 7 | 13-80 0-5 
49 7 | 10-80 0-55 
14 | Sriharikota} Recent | 0 | 6-9 | 6-50 1-15 |0:059 | Calotropis gigantea 
sea sand | 16 | 6-9 | 11-40 0-72 
38 | 6-8 | 9°20 | 0-438 
52 | 6-8 | 13-80 0-52 
15 | Sriharikota| Recent | 0 | 6-9 | 12-40 1-25 | 0-028 | Memecylon edule 
sea sand | 20 | 6-7 | 15-60 1-01 
37 | 6-5 | 11-0 | 0-31 
49 | 6-5 | 17-50 0-43 
16 | Sriharikota| Recent] 0 | 6-6 | 10-40 0-67 | 0-013 | Memecylon edule 
sea sand | 20 | 6-5 | 13-50 0-42 
38 | 6-6 | 7-30 0-32 
50 | 6-3 | 12-20 0-32 
17 | Sriharikota} Recent | 0 -3 | 16-0 1-52 | 0-025 | Albizzia amara 
sea sand | 16 4) 12-0 | 0-72 Memecylon edule 
34 2) 8-90 | 0-53 Eugenia jambolana 
47 3] 9-30 | 0-33 Maba buxifolia 
Strychnos nux-vomica 
| Feronia elephantum 
Albizzia lebbek 
Garcinia spicata 
18 | Sriharikota| Recent | 9 | 6:3} 9-60 | 1-00 | 0-02 | Wemecylon edule 
sea sand | 18 | 6-5 | 11-20 | 0-62 Eugenia jambolana 
32 5 | 8-40 | 0-60 Albizzia amara 
49 6 | 11-80 | 0-62 Strychnos nux-vomica 
Ochna squarrosa 
Garcinia spicata 
Calotropis gigantea 
19 | Sriharikota| Recent | 0 6 | 17-80 | 1-49 | 0°059 | Albizzia amara 
sea sand | 17 5 | 16-40 | 1-47 Maba buxifolia 
34 ‘4 | 6-60 | 0-30 Sapindus emarginatus 
48 4 | 12-40 | 0-27 Strychnos nux-vomica 
Memecylon edule 
Glycosmis pentaphyllz 
Albizia lebbek 
Garcinia spicata 
Calotropis gigantea 
20 | Sriharikota| Recent | 0 3] 10-8 | 0-97 | 0-027 | Aldizzia amara 
sea sand | 20 2/ 10-9 | 1-08 Memecylon edule 
38 2] 9-20-| 0-36 Strychnos nux-vomica 
49 | 6-2 | 10-3 | 0°35 Glycosmis pyntaphella 
Pavetta indica 
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TABLE V 
Foliar composition of some junglewood species in areas where Casuarina 
‘plantations are raised in Madras State 
Collected in January 1950 


Species % Ash| % CaO | ZN | %C\C/N 
| 

(1) Anacardium occidentale ++| 6-18 0:38 1-18 48 40 

(2) Lugenia jambolana wlimosol 0-98 1-21 49 40-5 
(3) Dodonea viscosa ++| 5-13 1-04 1-78 48 27 
(4) Pongamia glabra se orly 1-23 3°73 45 12 
(5) Bushanania latifolia ++| 11-27 1-53 1-15 45 39 
(6) Albizzia lebbek ..| 6-98 1-54 B35 46 14 
(7) Albizzia amara ++| 6-41 1-55 3°07 46 15 
8) Mimusops hexandra ++] 4°55 1-56 1-41 48 34. 
9) Azadirachta sp. vl oe 1-62 2-05 46 22 
(10) Zerminalia belerica 11-45 1-69 1-25 45 36 
(11) Zugenia bracteata 4°83 |. 1°75 1-59 48 30 
(12) Garcinia spicata 4-30 1:76 1-74 48 28 
(13) Pterospermum suberifolium 4-33 1-80 1-74 48 28 
(14) Cleistanthus collinus 7-12 1-96 2-32 46 20 
(15) Bauhenia racemosa 10-3 1-98 1-61 45 28 
(16) Sapindus emarginatus 10-47 1-99. 1-79 45 25 
(17) Casuarina equisetifolia 4-81 2-08 1:35 48 36 
on Memecylon edule 7-71 2-16 1-15 47 4] 
19) Webera corymbosa 5+7 2-18 1-23 48 39 
(20) Ochna squarrosa 5-27 2-33 2-04 48 24. 
ce ) Cassia fistula 7-48 2°35 1-86 46 25 
22) Jasminum rigidum 6-95 2+44 1-80 47 26 
(23) Glycosmis pentaphylla 7-08 2-44 1-93 47 24 
(24) Zizyphus xylopyrus 12-82 2-61 0-93 44 47 
(25) LZleodendron glaucum 8-30 2-63 1°37 46 34 

(26) Odina wodier 8-62 2-76 1-46 46 31-5 
(27) Strychnos nux-vomica 6-58 2-88 2-29 46 20 
(28) Aaba buxifolia 5-90 2-98 1-27 48 38 
(29) Pavette indica 8-95 3-24 2-58 45 18 
(30) Azadirachta indica 9-31 3-48 2:54 45 18 
(81) Cassia auriculata o(80e 72 3-60 3-31 44 13 
(32) Werightia tinctoria +-| 12-66 3-70 2-52 43 17 

(33 ‘ Morinda tinctoria -.| 9-33 3-77 2-02 45 22-5 
(34) Pterocarpus marsupium -+| 12°5 3-84 1-92 44 23 
(35) Pithecolobium dulcis +) 11-05 3-93 3-16 | 44 14 
(36) Cassia montana +-| 8-81 4-67 |".2-81 45 16 
ot Atlantia monophylla +3) 13°82 5-27 1-63 43 26 
38). Hardwickia binata ++! 10°72 6-85 1-49 45 30 


certain mixture of Albizzia lebbek, Albizzia amara, Cassia auriculata, 
Cassia montana, Pavetta indica in addition to species mentioned above. 

The suggestion of raising mixed plantations of Casuarina in areas 
where its growth has suffered due to insect, fungus or unknown causes, 
may be sound ecologically. In its native region Casuarina occurs in 
a mixed community and its planting in a pure community outside its 
home will be hardly justifiable. 


SUMMARY 


From the two examples studied above, the ecological technique 
of plant introduction seems to consist of examining the effect of exotic 
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plants in pure or mixed plantations on soil conditions and comparing 
these with conditions under natural species of the area, It is not 
sufficient to compare merely the climate, latitude and phenology for 
tree introduction as has been found to be sufficient for crop plants 
but the reaction of plants to soils and climate must also be seen. If 
reactions in pure plantations are going to be injurious for soil fertility 
maintenance, then these must be tried only with mixture with suitable 
indigenous species. 


The soil fertility tests used in this study can be simplified suitably 
to make the method more practicable for state forest departments. 
But no amount of emphasis is necessary to have the study done before 
launching any large scheme of afforestation. ' 
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A FOREST type, according to Cajander (1926, 1949), is a stand or a 
number of stands, which at or near maturity, possess a characteristic 
floristic composition and ecologico-biological properties that are 
distinct from all other stands in the area. The term was first used in 
Sweden by Lundstrom (see Heimburger, 1933) and his contemporaries, 
but before Cajander, Morosow (see Heimburger) had already subdivided 
Russian forests into types on the basis of climate, soil, human influences 
and ecological characters of the tree species. However, Swedish and 
Russian forest types being primarily used in Silviculture were not 
well known outside their own countries, and the term forest type has 
now come to be usually associated with the Finnish ecologist A. K. 
Cajander, as developed in English translation of his works entitled 
“Theory of forest types” and ‘‘Forest types and their significance’’. 


Ecologico-biological properties of a stand indicate the combined 
effects on vegetation of climate, geology, soil and biotic influences; 
and as soil is the product of all the other environmental factors, a 
forest type usually indicates the level of soil fertility, As such know- 
ledge of forest types has been applied in silviculture, forest regenera- 
tion, practical forestry, afforestation and proper land use in most 
Europeon countries. Recently such application has been extended 
to North American forests as well (Heimburger, 1933; Romell, 1930). 


During his studies on the primeval forests of Finland, Cajander 
found a close correlation between ground flora communities and tree 
vegetation and characterised his forest types by typical ground species 
irrespective of the tree stand. Later on forest types were shown to 
have a close relationship with plant biology (including Raunkier’s 
life forms), soil condition, silviculture, mensuration and general vegeta- 
tion. Thus, within a forest type tree species had a similar growth, 
which was different in other forest types. This relationship increased 
the usefulness of forest types in forestry, and many attempts were 
made in other countries to apply Cajander’s work. 


Cajander’s work was conducted in primeval forests of Finland, 
which were developed under more or less uniform conditions of cli- 
mate, geology and soils, and therefore showed a close correlation 
between ground flora and tree stand. It was, however, early recognised 
that the relationship between tree stand and ground layer in forests 
near habitation was much less stable and Cajander’s forest types were 
not applicable to the same original extent in secondary and disturbed 
forests, or those that were developed in regions with large variations 
in environmental factors. It was on account of these reasons that 
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this theory did not work well outside Finland and was variously criti- 
cised. 


Heimburger (1933) in a critical summary of the known forest- 
types literature states that ‘“working in regions with far greater varia- 
tions in climate and geology, the Russian typologists and the Swedish 
reviewers of Cajander (Hesselman, Tamm and Petrini) did not find 
tree growth satisfactorily correlated with ground vegetation’. In Germany 
‘“*Rubner and Leiningen advised caution in the use of Cajander’s types”’ 
and ‘‘Cajander’s theory, presented and illustrated on Swedish material 
by Sylven, was received with criticism and the types were held to be 
too unstable for use as site classes” (Heimburger, /oc. cit.). 


In Sweden the use of Cajander’s types was limited only to silvi- 
culture. Forest types covering ground flora, tree vegetation and 
environmental factors were made by Malmstroem (1926). These types 
were tested by Tamm, Hessleman and Eneroth in Sweden and applied 
to beech woods of South Sweden and Denmark by Lindquist (1931). 


In Denmark correlation was attempted between ground flora and 
humus types in beechwoods, which was related later to tree growth 
also. 


Little work has been done in tropics on relating ground flora with 
tree vegetation, but those who have intimate knowledge of these forests 
feel that Cajander’s theory is not applicable. 


Nearly all studies in Africa (see Gillman, 1949) had mainly a 
physiognomic approach in vegetation Surveys. Swabey (1948, p. 205) 
of British Guiana touched this important question at the 5th British 
Empire Forestry Conference in London in 1947 and said that ‘in 
temperate climates probably indicator species may have very con- 
siderable significance, but there is a danger in the tropics, where I think 
one finds secondary communities occupying fairly large areas and 
masking the fundamental difference in site factors”. Hole (1911) made 
an attempt to relate grasses with different types of Shorea robusta 
forests, but did not meet with much success. Finding that Cajander’s 
theory is not applicable to tropical forests, Drees (1950) suggested a 
classification of forests on their mode of origin alone. This system, 
however, is not of much use in silviculture. 


A great deal of work had been going on in Russia on forest types 
long before the time of Cajander. Several authors had attempted the 
use of ground flora in classifying vegetation. Sukachev (1928; also 
see Heimburger, Joc. cit.) on the basis of drainage and soil conditions, 
grouped tree vegetation within a large area into several broad types, 
each composed of several plant communities and distinguished into 
two series: (1) “‘Edaphic series, based on variations in soil and sub- 
soil within a region; and (2) Geographic or rather climatic series.” 
This scheme was planned on the Mendeleyev’s system of classification 
of elements and had distinct advantage over all older systems in that 


A this scheme any new types discovered later on were fitted in at proper 
places. 
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Another scheme based on geology, soil, slope, aspect and drainage 
conditions of the forest area and the silvicultural features, growth and 
quality of tree stands was used by Vorobyov and Pogrebnyak for the 
classification of Russian forests. 


The latest report appearing in Empire Forestry Review seems to 
show that Russian work has greatly advanced. In a conference on 
forest typology held under the presidentship of Sukachev (1951), dis- 
cussions were held on the use of the following two systems of classifica- 
tion: (a) Sukachev’s system basing forest types primarily on ecological 
study of plants and fauna, (6) Pogrebyak’s scheme considering climate 
and soil conditions as the chief criteria in forest-types studies. It was 
considered by the conference that both systems are complementary; 
and in an extensive programme of forest-types studies to be launched 
in the U.S.S.R., with the co-operation of all foresters, detailed work 
will be done on all the factors of the environment, together with 
complete enumeration of the forests on modern ecological lines. 
Russian work will, thus, come nearer to the Swedish forest-types studies. 


Since the publication of Cajander’s work a number of papers 
on the theoretical aspect of forest-types studies have been published by 
Zon (1906, 1913), Clements (1909), Plummer (1913), Greeley (1913), 
Barrington-Moore (1913, 1927), Anderson (1926) and others. These 
studies in America have modified the original concept of forest types, 
where till recently forest types were generally used as cover types. 
The effect of topography later began to be recognised and the forest 
types became cover and topographic types. The official forest-type 
list of Society of American Foresters uptil 1932 considered composi- 
tion of tree species as the only basis of classification. Heimburger 
(1933), however, presented an ecological system of classifying forest 
types in America, using a combination of Russian, Swedish and Finnish 
systems and incorporating at the same time humus characters in his 
forest-types system. In this system, Heimburger followed Cajander 
in naming his forest types on the ground flora species, although in a 
few cases he used shrub names to designate types as was done by 
Malmstrem in Sweden. A complete correlation of forest-types was 
shown with tree vegetation, geology, drainage and soils and applica- 
tion of the results to silviculture and proper land use was for the first 
time shown in the States. 


Kuchler (1951) in an interesting paper on the methods of classify- 
ing vegetation has grouped the known methods of forest-types studies 
in the following four categories :— 


1. Methods with regional approach in which the vegetation is 
broadly divided into main geographical regions. Gaussen’s work in 
France and Dice’s (1943) work in the U.S.A. are given as example of 
this type. In India the botanical division by Hooker (1906), Chatterjee 
(1939) and Calder (1937) emphasise the regional approach to vegeta- 
tion-types study. 


2. Physiognomic approach is characterised by the study of struc- 
ture and growth of vegetation and is typified by the works of Burtt 
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Davy (1938) and Gillman (1949) in Africa; Beard (1944) in America ; 
and Champion (1938) in India. Edwards (1948) in Burma and Rosayro 
(1951) in Ceylon have followed Champion’s method in classifying 
vegetation of these regions. 


3. Floristic approach—tThis concerns with taxonomic analysis 
of vegetation and is illustrated by the work of Braun-Blanquest (1932) 
in France and some works on mapping and classification of vegetation 
in smaller areas in the U.S.A. In India, Blatter and Hallberg (1920), 
Bor (1938), Sabnis (1919-21; 1929), and Mooney (1938) have studied 
forests floristically. . 


4. Ecological approach stresses on the quantitative study of 
vegetation in relation to environment including climate, geology, soil, 
drainage, etc. The studies of Russian, Swedish and Finnish workers 
may be given as examples of this type. Heimburger’s work (Joc. cit.) 
is a model ecological study of forests. 


Attempts were made in India on ecological classification of forests 
by A. E. Osmaston (1922) in Garhwal, Mohan (1933) in Kangra and 
Suri (1933) in the Kulu Himalayas. These studies which were conducted 
in conifer and mixed temperate forests of the Himalayas were 
unfortunately not continued. The author has recently picked up the 
threads of Suri’s work and some progress in this direction has been 
made (Puri, 1950, 1951) to be followed later by detailed work. As 
already noted, Heimburger’s (1933) forest-type studies are the typical 
examples of ecological approach and unlike the first three methods 
take into consideration the dynamic view-point in the study of vegeta- 
tion. Mukerjee (1923, 1927) gave a truly ecological approach to the 
study of vegetation in India but his premature death in 1934 brought 
an end to a very useful work. : 


For a country like India, where there is such a bewildering variety 
of climatic, geological and soil features and where forests have been 
variously disturbed by people for several centuries, the above review 
of forest-types literature will make it evident that Heimburger’s method, 
which combines the essentials of Cajander, Swedish and Russian sys- 
tems is perhaps, the most suitable. Puri (1950, 1950 c, 1950 d@) has 
applied this system in forest-types studies of England, where 7 forest- 
cum-humus types were recognised on characteristic ground flora 
species, tree seedling growth, geology, soil and humus characters. 
The relationship between these forest-cum-humus types was not very 
stable with tree vegetation as such. But the author divided tree species 
in the area on the basis of ash, calcium, nitrogen and C/N of tree litter 
in three distinct categories, which were shown to have an important 
bearing on the development and distribution of the types recognised. 
In this study a new method of correlating ground flora types with tree 
vegetation was established. | 


Besides having developed under a great variety of environmental 
factors, Indian forests differ from those of Europe and America in that 
the ground flora species in the former present a distinct seasonal aspect. 
A visit to an Indian forest during the rains or spring will reveal a great 
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variety of ground flora species, which will mostly disappear during 
the summer. In areas with therophytic plant-climate the seasonal 
aspect of ground vegetation will be more pronounced and as most 
of our forests are classed under dry plant-climate the forest typology 
based on ground flora alone will not be feasible. Most forest types 
in tropical forests may have to be named after shrubs, which are peren- 
nials. This will not take us far from either Heimburger’s system or 
the Swedish and Russian systems, all of which partly use shrub names 
to designate forest-types. In some cases a type may have to be desig- 
nated by a tree species in India. 


In these studies Champion’s larger groups, viz., tropical montane, 
subtropical montane, temperate and alpine, and their northern and 
southern subdivisions will be retained and in some instances some of 
his smaller units may have to be accepted. Forest types will then be 
recognised in each of these larger units. Heimburger (Joc. cit.) had 
followed similar methods in the U.S.A. and Mohan (1933) and Suri 
(1933) dealing with conifer forests of the Himalayas have shown that 
this may be possible. It may be stated that what is applicable to conifer 
forests in this country may not apply to deciduous, evergreen, sub- 
tropical and tropical types. So no hard and fast rules can at this stage 
be made for characterisation of forest types in different forests in 
India and such characterisation may have to wait until proper data 
have been collected. 


The collection of data for forest-types work will involve the study 
of (A) forest by phytosociological methods, (B) forest environment, 
(C) characterisation of forest-types, (D) the correlation between forest- 
types and environment, and (E) application of forest-types in regenera- 
tion, silviculture and forest management. 


(A) Ecological method for the qualitative, quantitative and 
synthetic study of forest and ground flora communities has already 
been given (Puri, 1950 e; 1952). This may be combined with Raunkiaer’s 
life forms to get additional data on the physiognomy of vegetation. 


(B) The study of forest environment will include (i) physiography 
and drainage, (ii) climate, (iii) geology and soil, and (iv) forest condi- 
tions and history. The points to be specifically studied under these 
heads may be given below:— 


(i) Physiography and drainage.—This will include the exact loca- 
tion (latitude, longitude, altitude, slope, aspect, Province, 
Division, etc.); general topography, configuration of the 
ground, valley pattern, slope, gradient and water table. 


(ii) Climate.—For the exact characterisation of climate data on 
rainfall (mean annual, monthly, number of rainy days in 
a month), temperature (mean annual, maximum, minimum; 
monthly, diurnal, if possible for some days in growing 
season), relative humidity, saturation deficit and ratio of 
precipitation/evaporation or precipitation/saturation deficit 
collected from the forest area will be given. Data from 
a number of meteorological stations in or near the forest 
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will be obtained and effort made to characterise climate 
by a single value factor so as to see its effect on the develop- 
ment of soil and vegetation as was suggested by the author 
some time ago (Puri, 1950 a). 


(iii) Geology and soils—The probable age of the horizon, types 
of rock (their chemical composition, if possible) structure 
(dip verses scarp), nature of overlying or underlying deposits, 
if any, will be studied. Particular attention will be paid 
to examine the geology of the substratum in which the 
vegetation is actually growing, whether that is rock or an 
overlying deposit (see Puri, 1950c; 1950d). Detailed exa- 
mination of soil profiles with special reference to the rooted 
region of plants and chemical properites of the humus layer 
(pH, loss on ignition, moisture, exchangeable calcium, 
nitrate nitrogen) will be done and correlated with tree 
vegetation, seedling growth and ground flora species (see 
Puri and Gupta, 1951). 


(iv) Forest conditions and history.—Under this head the present 
and past human influences through which the forest had 
passed will be properly investigated. The effect of fire 
and grazing are of special importance in assessing the suc- 
cessional trends in the development of vegetation and will 
be investigated. 


Besides these some data on light conditions in the forest, phenologi- 
cal conditions of the crop will be of interest in forest-types studies. 


(C) With the help of the data obtained from (A) and (B) above, 
attempt at characterisation of forest types in the area will be made 
and after characterising forest types will be tested in other areas and 
their use extended to other parts of the country with similar forests 
and environment. 


(D) Detailed correlation of forest types with climate (especially 
single value factor of P/E), humus type, etc., will then be attempted. 
This correlation will take into account the main natural influences on 
the forest cover due to man as part of the environment and not consider 
these as separate factors of the environment. 


Forest-types will then be correlated with surface geology, soil 
types, humus types and level of soil fertility, particularly the status of 
the upper layers of the soil with regard to exchangeable calcium, organic 
matter, nitrates and pH. These types will then be arranged in a series 
with increasing soil fertility. The ecological status of each type will 
then be fixed. 


(E) After the correlation between the forest-types and soil fertility 
has been established the reasons for the failure of regeneration or 
satisfactory growth of a particular tree species will come into relief. 
The stream of succession can then be accelerated or retarded with the 
help of a particular system of silviculture to achieve results of desired 
economic importance, 
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Heimburger (/oc. cit.) has admirably shown the way in which 
knowledge of forest types can be used successfully in forestry and land 
use and the author has also clearly indicated the value of forest-cum- 
humus types studies in English forests to problems of soil fertility, 
forest regeneration, succession and soil development (Puri, 1950 c; 
1950 d). Our aim in India will be to evolve something similar on 
these lines for application in forests of this country. 


SUMMARY 


The known literature on forest-types studies is reviewed and it 
has been pointed out that for studies in Indian forests Heimburger’s 
system, which has been partially used by the author in the study of 
some English forests is the most suitable and practicable. This system 
combines the essentials of Cajander’s, Swedish and Russian systems 
and.takes into account the types of humus in characterising a forest 
type. The American types are not too rigid and show relationship 
with geology, soils, humus, drainage and their knowledge can be applied 
in silviculture, forest regeneration, land use, etc. 


For forest-types studies in India the author considers that 
Champion’s major physiognomic types should be retained and detailed 
ecological work on those be conducted to put them on sound footing. 
For this it is proposed that the data be collected on the following :— 


(A) Forest: its qualitative and quantitative composition by 
phytosociological methods. 

(B) Forest environment: (i) physiography and _ drainage, 
(ii) climate, (iii) geology and soils, (iv) forest conditions and history. 
After this, work be conducted on: 

(C) Characterisation of forest types. 


(D) Correlation between forest types and environment, chiefly 
humus conditions, 

(E) Application of forest types in silviculture, forest regeneration 
and management. 

The author’s work in Englanc and of Heimburger in the U.S.A. 
has clearly indicated the application of forest types in silviculture, 
forest regeneration and land use and the aim will be to evolve a method 
on similar lines suitable for India. 
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THREE NEW HYPHOMYCETES 


By C. V. SUBRAMANIAN 
University Botany Laboratory, Madras-S 


(Received for publication on January 24, 1954) 


THIs paper deals with three new hyphomycetes recently collected by 
me from Southern India: Lacellinopsis levispora sp. nov. on dead leaves 
(of ?Lauracee) from Mercara, Coorg State; Lomaantha pooga gen. 
et sp. nov. on dead stem of Areca catechu L. from Ernakulam, Travan- 
core-Cochin State; and Polydesmus indicus sp. nov. on dead spathe 
of Cocos nucifera L., also from Ernakulam. 


1. Lacellinopsis levispora Subramanian sp. noy. 


Colonize effuse, fusce nigra, velutine vel pulverulente, magnitudinis 
variabilis. Sete steriles intermixte conidiophoris oriuntur lateraliter 
ex cellulis hypharum repentium, sete et conidiophori dense aggregati. 
Sete simplices, haud ramose, crassis parietibus predite, longe, sub- 
ulate, fusce brunnee et crassioribus parietibus ornate ad basim, 


Fic. 1. Lacellinopsis levispora from the type specimen, Herb. M.U.B.L. No. 910. 


progressive pallidiores evadentes ad apicem, pluri-septate, usque ad 
410, longe, 13 late ad basim’ Conidiophori simplices, haud 
ramosi, sat breves, usque 9-septati, subhyalini vel pallide vel auree 
lutei, sepe torulosi ob cellulas tumescentes et septa constricta, singuli 
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ornati apice globoso vel subgloboso, fertili, 43-72 x1-6-4-0, cellula 
apicali 5-6-7:2, diam. Conidia capitata, acropetale producta 
in catenis simplicibus vel ramosis ex tota superficie cellule apicalis 
conidiophori, unicellulata, ut plurimum globosa, parietibus levibus, 
pallide vel fusce brunnea, 3-Sy diam.; capitulum conidiale 40-56 yw 
diam. 


Typus lectus in foliis emortuis (an Lauracearum?) in loco 
Mercara, Coorg, die 12 octobris 1953, a C. V. Subramanian et positus 
in Herb M.U.B.L. sub No. 910. 


Colonies effuse, deep black, velutinous to powdery, of variable 
size. Hyphe septate, pale brown to brown. Sterile sete and conidio- 
phores arising laterally from cells of repent hyphe, interspersed and 
crowded together. Sete simple, unbranched, thick-walled, long, subu- 
late, dark brown and thicker-walled towards the base, becoming 
progressively paler towards the tip, many-septate, up to 410, long, 
13 « broad at the base. Conidiophores simple, unbranched, relatively 
short, up to 9-septate, subhyaline to pale or golden yellow, often 

- torulose with swollen cells and constricted at the septa, each with a 
subglobose to globose fertile tip, 43-72 x1-6—-4-0, diameter of apical 
cell 5-6-7-2,. Conidia capitate, produced acropetally in branched 

_ or unbranched chains from all over the apical cell of the conidiophore, 
l-celled, mostly globose, smooth-walled, pale brown to dark brown, 
3-5 u in diameter; diameter of conidial head 40-56 pu. 


Habit: on dead leaf (of ?Lauracee), Mercara, Coorg State, 
12-10-1953, coll. C. V. Subramanian, Herb. M.U.B.L. No. 910 (Type). 


This fungus is clearly congeneric with Lacellinopsis sacchari 
Subramanian (Subramanian, 1953). It differs from L. sacchari, how- 
ever, on the following points: (a) the conidia are smaller in size than 
in L. sacchari and are smooth-walled (in L. sacchari they are finely 
verrucose); (b) the conidiophores are longer, and more often torulose, 
than in L. sacchari; further, the globose tip of the conidiophore is 
concolorous with the rest of the conidiophore whereas in L. sacchari 
it is not so but the globose tip is dark brown, the rest of the conidio- 
phore being subhyaline to pale yellow in colour. The fungus collected 
by me from Mercara has therefore been described=as a new species 
of the genus Lacellinopsis. 


2. Lomaantha pooga Subramanian gen. et sp. nov. 


This interesting fungus was collected by me from Ernakulam, 
Travancore-Cochin State, on dead stem of Areca catechu L. (Palme). 
The colonies are black to brownish black in colour and are effuse. 
The mycelium is composed of repent hyphe which are hyaline to brown, 
branched, septate, and 3-5 broad. The conidiophores arise laterally 
from cells of the repent hyphez and are erect, straight or bent, un- 
branched, dark brown in colour, thick-walled, many-septate, somewhat 
cylindrical, broadest at the base, and suddenly narrowing at the tip. 
They are 30-60 » long, 7-2—11-2 broad at the base, 5-2—7-2 » broad 
in the middle, and 3-2-4-0 broad at the tip. The conidia are pro- 
duced acrogenously and singly from the tip of the conidiophore, 


Fic. 2. Lomaantha pooga from type specimen, Herb. M.U.B.L. No. 981. 
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They are brown in colour, many times transversely septate (up to 20 
septa have been seen), thick-walled, long, obclavate, with or without 
constrictions at one or more septa; broader towards the basal half 
than the distal, each with a flat, narrow scar 3-2-4-0, broad at the 
base, narrowing towards the tip into a thin, terminal, filiform, hyaline 
to subhyaline appendage, and with one or more lateral appendages 
arising from the terminal filiform portion of the conidium. The 
lateral appendages may be simple or branched. When there are more 
than one lateral appendage, they may arise very near each other or 
away from each other, and may or may not be of equal length. The 
conidia are 75—132 » long, and 10-16 u broad where they are broadest. 
The appendages are non-septate and may be up to 40, long and 1-2 » 
thick. Some conidia have been seen without lateral appendages, but 

these were rare. 


The fungus is easily placed in the Dematiacee-Phragmospore. 
The distinctive characteristics of the fungus are: (1) its unbranched 
conidiophores, and (ii) the appendaged phragmospores which are 
produced acrogenously and singly from the tips of conidiophores. 
So far as I am aware, this fungus does not appear to be congeneric 
with the type species of any genus of the Dematiacee so far known. 
Comparisons may, however, be made with type species of the following 
Dematiaceous genera which have appendaged phragmospores, viz., 
Urosporium Fingerh., Ceratophorum Sacc., Pleiocheta Hughes and 
Camposporium Harkness. The dichotomously branched  conidio- 
phores characteristic of Urosporium clavatum Fingerh. (see Clements 
and Shear, 1931) and possibly the nature of its conidia (see Lindau, 
1900, p. 478), preclude my fungus being classified in that genus. The 
type species of Ceratophorum Sacc. is C.helicosporum [(Sacc.)] Sacc. 
and it has hyphopodiate mycelium, and although the phragmospores 
have subulate, sometimes coiled tips, they do not possess lateral 
appendages (see Hughes, 1951, pp. 16-17). My fungus is, therefore, 
not congeneric with Ceratophorum helicosporum. It differs from 
Pleiocheta setosa (Kirchner) Hughes [the type species of the genus 
Pleiocheta| (Hughes, 1951, p. 39) in the manner of production of 
conidia, their shape, and also the nature of the appendages. The 
type species of the genus Camposporium Harkness, viz., C. antennatum 
Harkness, has cylindrical phragmospores with rounded ends and 
with 1-3 hyaline, simple, non-septate appendages arising from the 
apical cell (Hughes, 1951). It is obvious that Camposporium cannot 
accommodate my fungus. 


I consider it, therefore, necessary to establish a new genus for 
my fungus. The generic and specific names are derived from Sanskrit: 
the generic name from @I# (l6ma) — hair and Aa (anta) = end; 
the specific name from YT (puga) = the arecanut palm (Areca catechu 
L.), [the substratum on. which the fungus was collected]. 


Lomaantha Subramanian gen. nov. 


Pertinet ad Fungos Imperfectos, ad Dematiaceas, atque ad 
Phragmosporas. 
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Hyphe repentes brunnez, ramose, septate. Conidiophori exsur- 
gunt lateraliter ex cellulis hypharum repentium, erecti, simplices, septati. 
Conidia brunnea, pluri-cellulata, “acrogena, haud catenulata, producta 
singula ex apicibus conidiophororum, obclavata, ornata apice angusto, 
subhyalino, longo, filiformi, ornata etiam appendicibus lateralibus 
surgentibus ex parte filiformi terminali. 


Species typica sequens. 


Lomaantha pooga Subramanian sp. nov. 


Colonie nigre vel brunnee nigre, effuse. Hyphe repentes sub- 
hyaline vel brunnee, septate, ramose, 3-5 late. Conidiophori 
lateraiiter surgentes ex cellulis hypharum repentium, erecti, recti vel 
curvati, simplices, aliquantum cylindrici, fusce brunnei, septati, latiores 
ad basim, subito fastigati ad apicem, 30-60 y» longi, 7-2-11-2p lati 
ad basim, 5:2-7-:2p lati ad medium, 3-:2-4-Oyp lati sub apicem. 
Conidia acrogena et singula ex apici conidiophori, brunnea, sepe 
transverse septata, crasse parietata, longa, obclavata, septis nonullis 
vel nullis constricta, latiora in dimidia parte ad basim quam in alia 
dimidia parte, ornata cicatrice plana angusta ad basim, fastigata ad 
apicem in appendicem tenuem, terminalem, filiformem, hyalinam vel 
subhyalinam, ornata etiam una vel pluribus appendicibus surgentibus 
ex parte terminali filiformi conidii. Conidia 75-132 x10-l6pm. Ap- 
pendices simplices vel ramose, usque 40, longe, 1-2, crasse. 


Typus lectus in trunco Arece catechuL., in loco Ernakulam in 
statu Travancore-Cochin, die 25 maii 1953, a C. V. Subramanian et 
positus in Herb. M.U.B.L. sub numero 981. 


Lomaantha Subramanian gen. nov. 


Fungus Imperfectus, Dematiacee, Phragmospore. 


Repent hyphe brown, branched, septate. Conidiophores arising 
laterally from cells of repent hyphe, erect, simple, septate. Conidia 
brown, many-celled, acrogenous non-catenate, produced singly from 
tips of conidiophores, obclavate, with narrow, subhyaline, long, fili- 
form apex and lateral appendages arising from filiform terminal portion. 


Lomaantha pooga Subramanian sp. nov. 


Colonies black to brownish black, effuse. Repent hyphe sub- 
hyaline to brown, septate, branched, 3-5, broad. Conidiophores 
arising laterally from cells of repent hyphae, erect, straight or bent, 
simple, somewhat cylindrical, dark brown, septate, broader towards 
the base, suddenly narrowing at the tip, 30-60 » long, 7-2-11-2 » broad 
at the base, 5-2~7-2 broad in the middle, 3-2-4-0y broad at the tip. 
Conidia produced acrogenously and singly from the tip of the conidio- 
phore, brown, many times transversely septate, thick-walled, long, 
obclavate, with or without contrictions at one or more septa, broader 
towards basal half than the distal, with flat, narrow scar at the base, 
narrowing towards the tip into a thin, terminal, filiform, hyaline to 
subhyaline appendage, with one or more similar lateral appendages 
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arising from terminal filiform portion of conidium. Conidia 75-132 
«10-16. Appendages simple or branched, up to 40 long, 1-2 » 
thick. 


_ Habit: on dead stem of Areca catechu L., Ernakulam, Travancore- 
Cochin State, 25-5—-1953, coll. C. V. Subramanian, Herb. M.U.B.L. 
No. 981 (Type). 


3. Polydesmus indicus Subramanian sp. nov. 


Colonize effuse, nigre, pulverulente. Hyphe repentes brunne, 
ramose, septate, usque ad 5 late. Conidiophori lateraliter producti 
ex cellulis hypharum repentium, breves, ut plurimum simplices, sub- 
hyalini vel pallide brunnei, septati, parietibus tenuibus prediti, sepe, 
torulosi, usque ad 25, long, 5 lati. Conidia fusce brunnea, 1-4~- 
cellulata, ut plurimum 2—3-cellulata, crasse parietata, tenuiter verrucosa, 


Fic. 3. Polydesmus indicus from type specimen, Herb. M.U.B.L. No. 963. 


acrogena, acropetale producta in catenas simplices vel ramosas ex 
apice conidiophororum, inter se conjuncta per isthmum (cel cellulam 
separantem), 9-204:8-7-2; isthmus parvus, angustus, pallide 
brunneus, constans ex una cellula, productus singulariter ex quavis 
parte cellule apicalis vel aliarum cellularum conidii, vel sepe isthmi 
usque 4 numero oriuntur ex cellula apicali conidii, quod causat catenas 
ramosas conidiorum, 3-2-4-0 x3-2y. 


Typus lectus in spatha emortua Cocos nucifera L., in loco 
Ernakulam, Travancore-Cochin, die 16 maii, 1953, aC. V. Subramanian 
et positus in Herb. M.U.B.L. sub numero 963, 
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Colonies effuse, black, powdery. Repent hyphe brown, branched, 
septate, up to 5% broad. Conidiophores arising laterally from cells of 
repent hyphe, short, mostly simple, subhyaline to pale brown, septate, 
thin-walled, often torulose, up to 25 long, up to 5u broad. Conidia 
dark brown, 1-—4—-celled, mostly 2-3-celled, thick-walled, faintly ver- 
rucose, acrogenous, produced acropetally in unbranched or branched 
chains from the tip of the conidiophore, connected with each other 
by an isthmus (= separating cell), 9-20 x4-8-7-2,; isthmus small, 
narrow, pale brown, I-celled, produced singly from any part of apical 
or other cells of each conidium, or often up to 4 from the apical cell 
of conidium, resulting in branched chains of conidia, 3-2-4-0x3-2. 


Habit: on dead spathe of Cocos nucifera L., Ernakulam, Travan- 
core-Cochin State, 16-5-1953, coll. C. V. Subramanian, Herb. 
M.U.B.L. No. 963 (Type). 


The genus Polydesmus Mont. was described by Montagne as 
follows: ‘‘Stroma_ superficiale, fibrillosum. Flocci fertiles erecti, 
simplices aut ramosi, septati, pellucidi. Sporidia interstitiis filiformibus 
concatenata, fusiformia aut claviculata, septato cellulosa, opaca ramu- 
loso-prolifera.”” (Montagne, 1856, p. 304). The type species is 
P. elegans D. & M., collected on leaves of Agave from Algiers. Accord- 
ing to Lindau (1900, p. 478), ‘‘Die Gattung unterscheidet sich von 
Alternaria nur durch das Fehlen der Langswande in den Sporen, 
vielleicht fallt sie auch mit ihr zusammen.” A similar conclusion is 
indicated by Ainsworth & Bisby (1945, p. 258) who state: ‘* Polydesmus 
Mont.? = Alternaria (Monil.).”” A perusal of Clements & Shear’s (1931) 
key to the Dematiacee-Phragmospore indicated the possibility of 
placing my fungus in Peyronelia Cif. & Frag. However, reference to 
the original illustration of the type species of this genus, viz., P. siro- 
desmioides Cif. & Frag. (Ciferri & Fragoso, 1928, p. 57, Fig. 32) showed 
that Peyronelia belongs to the Dematiacee-Dictyospore and, as far 
as can be gathered from the description and the figure, it is hardly 
different from Sirodesmium de Not. 


I have not seen the type specimen of Polydesmus elegans (if it 
exists) and, so far as I am aware, that species does not appear to have 
been collected again. Notwithstanding the doubtful validity of this 
genus suggested by Lindau (1900) and Ainsworth & Bisby (1945), I 
am inclined to provisionally place my fungus in this genus rather than 
erect a new genus for it. My fungus, however, has very much smaller 
conidia than P. elegans D. & M. (see Saccardo, 1886, p. 401) and hence 
has been described as a new species. 


I am grateful to Professor T. S. Sadasivan for critically reading 
the manuscript, to the Rev. Father H. Santapau for kindly translating 
the diagnoses into Latin, and to Sri. C. V. Mahalingam for suggesting 
the name (derived from Sanskrit) for the fungus on Areca catechu, 
described here as a new genus.. I thank the Ministry of Education, 
Government of India, for a grant-in-aid for travel which enabled me to 
collect some of the fungi. 
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FUNGI IMPERFECTI FROM MADRAS—VI > 


By C. V. SUBRAMANIAN 


University Botany Laboratory, Madras—5 
(Received for publication on February 5, 1954) 


IN this paper three new species of Fungi Imperfecti are described: 
Actiniceps cocos on Cocos nucifera, Blodgettia indica on dead stubble, 
and Memnoniella levispora on dead stems. Three other fungi, viz., 
Antromycopsis broussonetie Pat. & Trab. v. miner Penz. & Sacc., Chlo- 
ridium schulzerii Link., and Volutina concentrica Penz. & Sacc., are 
recorded for the first time from India. 


29. Actiniceps cocos Subramanian sp. nov. 


Stipes hyalinus vel subhyalinus, cylindricus, basi bulbosa vel plana, 
500-980 longus, 42-56(— 140), crassus, 84-126 (— 210) latus 
ad basim, ornatus globoso vel subgloboso et albido vel griseo capite; 
capitis altitudo 84-196 (— 238), diam. 112-294 (— 364)p.  Pro- 
jectiones setose capitis adsunt, 42-112 x3-4y. Hyphe septate, hya- 
line, 3-4 » late. Conidiophori septati, subhyalini. Conidia subhyalina 
vel pallide luteola colore, unicellulata, 4-9-6-6 x3-3-4-9 yp. 


Typus lectus in spatha emortua Cocos nucifere Linn. in loco Tirur- 
kuppam (Rice Research Station), in distri. Chingleput, in Statu 
Madras, die 10 aprilis anni 1953 a C. V. Subramanian et positus in 
Herb. M.U.B.L. sub numero 886. 


Actiniceps cocos Subramanian sp. nov. 


Stipe hyaline to subhyaline, cylindrical, with bulbous to flat base, 
500-980 » long, 42-56 (— 140)» thick, 84-126 (— 210) » broad at base, 
with terminal subglobose to globose, whitish or ash-coloured head; 
height of head 84-196 (— 238) », diameter of head 112-294 (— 364) pw. 
Setose projections from head present, 42-112 x3-4y. Hyphe septate, 
hyaline, 3-4, broad. Conidiophores septate, subhyaline. Conidia 
subhyaline to pale yellowish in colour, one-celled, 4-9-6-6 x3-3-4-9 p. 


_ Habit.—On dead spathe of Cocos nucifera Linn., Tirurkuppam 
(Rice Research Station), Chingleput District, Madras State, 10-4-1953, 
coll. C. V. Subramanian, Herb. M.U.B.L. No. 886 (Type). 


Three species of Actiniceps are known: A. thwaitesii B. & Br. 
(the type species), A. besseyi Macmillan, and A. timmii Eichelb. The 
length of the stipe and the diameter of the head are both very much 
greater in my fungus than in A. thwaitesii (Saccardo, 1886, p. 579). 
In the case of A. besseyi (Saccardo, 1895, p. 641) the stipe is described 
as 700 » long and the spore size is 4-5 x 2-2-5. In A. timmii (Saccardo, 
1913, p. 1443) the stipe is 3-4 mm. long, 30 thick and the conidia are 
2x1:5y. My fungus is obviously different from the above three species. 
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Fic. 1. Actiniceps cocos, from type specimen (Herb. M.U.B.L: No. 886). 


sot 


Fic. 2. Antromycopsis broussonetiae Vv. minor, from Herb, M.U.B.L. No. 872. 


30. Antromycopsis broussonetie Pat. & Trab. v. minor Penz. & Sacc., 
1901, in Malpighia, p. 254, Icon. Fung. Java, t. LXXVI, f.4. 
Saccardo, 1906, Sylloge Fungorum, 18: 652. 


Stipe white in colour, thick, firm, 1-5-2:0 mm. long, 280-420 
broad at the base, 182-294, broad towards the tip. Head brownish 
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when young, becoming black at maturity, somewhat hemispherical, 
280-504 » in diameter, 462-840 » in diameter, composed of compacted, 
septate, filaments producing conidia. Conidia mostly ovoid, brownish, 
non-septate, catenate, 9-19 x4-9-8-3 py. 


Habit.—On dead wood, University Botany Laboratory campus, 
Madras, 10-3-1953, coll. C. V. Subramanian, Herb. M.U.B.L. No. 
872. 


My fungus agrees closely with the variety described by Penzig 
and Saccardo (loc. cit.). : 


31. Blodgettia indica Subramanian sp. nov. 


Hyphe subhyaline, septate, 4-7 » crasse. Conidiophori simplices, 
hyalini vel subhyalini, septati, longitudinis variabilis, 3-Sp lati. 


Conidia acrogena, torulosa, 5—8-septata, distincte constricta ad septa, © 


cellulis mediis latioribus atque brunneis vel rubro-brunneis, cellula 
apicali triangulari apice rotundato, cellula vero basali ut plurimum 
catino simili, 44-96 x 16-23 p. ; 


Typus lectus in culmis emortuis submersis aqua in testis, in loco 
University Botany Laboratory Campo, in urbe Madras, mense aprili 
1952 a C. V. Subramanian et positus in Herb. M.U.B.L. sub numero 
839. f 


Blodgettia indica Subramanian sp. nov. 


Hyphe subhyaline, septate, 4-7 thick. Conidiophores simple, 
hyaline to subhyaline, septate, of variable length, 3-5 broad. Conidia 
acrogenous, torulose, 5-8-septate, markedly constricted at the septa, 
the middle cells broader and brown to reddish brown, basal and apical 
cells progressively narrower and paler in colour, the apical cell triangular 
with a rounded tip, the basal cell mostly crucible-shaped, 44-96 x 16-23. 


Habit.—On dead stubble submerged in water in flower pots, Uni- 
versity Botany Laboratory campus, Madras, April 1952, coll. C. V. 
Subramanian, Herb. M.U.B.L. No. 839 (Type). 


The genus Blodgettia Wright (Saccardo, 1892, p. 664) is monotypic 
and the type species B. borneti Wright was collected on the alga, 
Cladophora. Clements & Shear (1931, p. 216), in their key to the 
Dematiacee-Phragmospore-Macroneme, have characterised the genus 
as having hyphe which are ‘‘intracellular, algicole’’ and the conidia 
as “‘torulose’. My fungus is easily placed in the Dematiacee and 
comes closest to the genus Blodgettia in that it produces solitary, 
coloured phragmospores which are torulose. The conidia of my 
fungus resemble those of B. borneti as figured in Engler & Prantl’s Die 
natiirlichen Pflanzenfamilien, 1 Teil, 1 Abteilungt, 1900, p. 479, 
Fig. 249 H. Some of the conidia in Fig. 249 H appear to be inter- 
calary; but in my fungus the conidia are produced singly and acro- 
genously at the tip of the conidiophore, which itself is apparently not 
distinct from the vegetative hyphe ‘of the fungus. I do not consider 
that undue importance should be attached to the nature of the sub- 
stratum in delimiting genera and, since in other characteristics it comes 
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Fic. 4. Chloridium schulzerii, from Herb. M.U.B.L. No. 846. 
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closest to Blodgettia, | have ventured to place my fungus in that little 
known genus. The description of B. borneti (Saccardo, 1892, p. 664) 
itself is meagre and not of much help in identification. The conidia 
in this species are stated to be 2—5-septate, but no conidial measure- 
ments are available. In my fungus the condia are 5—8-septate. In 
contrast to B. borneti, my fungus is not algicole but has been collected 
on dead stubble submerged in water; there was no evidence to indicate 
that the fungus was on an algal substratum. I have, therefore, assigned 
my fungus to a new species of the genus Blodgettia Wright. 


32. Chloridium schulzerii Link, Saccardo, 1886, Sylloge Fungorum, 
4-320. : 


Colonies effuse, brownish. Hyphe branched, septate, brown, 
3-24-81 broad. Conidiophores arising from repent hyphe, simple, 
unbranched, 1—3-septate, usually with a somewhat flattened and broader 
basal cell, thicker-walled and darker towards the base, becoming pro- 
gressively paler and thinner towards the tip, fertile towards the apex, 
the fertile region subhyaline and producing conidia all over, up to 130» 
long, 3-4 broad above, the basal cell being 4-7 broad. Conidia 
simple, subhyaline to pale brown in colour, 1-celled, sessile, non- 
catenate, somewhat elliptical to oval with a pointed base and basal 
scar indicating point of attachment to the conidiophore, 4:8-6-4 
X2°4-3-2 pw. 


Habit—On dead stem, Government House estate, Triplicane, 


Madras, 27-1-1953, coll. C. V. Subramanian, Herb. M.U.B.L. No. 
846. 


33. Memnoniella levispora Subramanian sp. nov. 


Colonie nigre, holoserice vel floccose, tandem pulverulente 
magnitudinis variabilis. Hyphe hyaline vel subhyaline, septate, 
2-4. crasse. Conidiophori erecti, recti vel curvati, hyalini and basim, 
et viridiscentes vel viridi-nigri supra, ut plurimum 2-3-septati, 20-50 
x32, 4-5 lati ad basim, apice inflato 5-7 lato; phialides apici 
inflato insidentes, hyaline, forma characteristica predite, 4-8 x3-5 p. 
Conidia nigra, globosa, levibus parietibus predita, ut plurimum 5 (3-7) » 
diam., basipetaliter evoluta ex apicibus phialidum catenata, catenis 
constantibus ex condiis usque novem numero, rumpendis in singula 
conidia vel in breves conidiorum catenas. 


_ _Typus lectus in caule emortuo quodam, in loco Thanthipandal, 
in Distr. Chingleput, in Statu Madras, die 3 februarii anni 1952, a 
C. VY. Subramanian et positus in Herb. M.U.B.L. sub numero 725, 


Memnoniella levispora Subramanian sp. noy. 


Colonies black, velvetty to floccose, later powdery, of variable size. 
Hyphe hyaline to subhyaline, septate, 2-4 thick. Conidiophores 
erect, straight, or bent hyaline at the base and greenish to greenish 
black above, mostly 2-3 septate, 20-50x3-2, 4-5 broad at the 
base, the swollen apex 5-7, broad; phialides arising from the 
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Fic. 6. Volutina concentrica, from Herb. M.U.B.L. No. 862. 


swollen apex, hyaline, with characteristic shape, 4-8 x 3-5 #. Conidia 
black, globose, smooth-walled, mostly 5 (3-7) win diameter, produced 
basipetally from the tips of phialides in chains, chains with up to 


nine conidia, breaking up into single conidia or short. chains of 
conidia. 
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Habit.—On dead stem, Thanthipandal, Chingleput District, Madras 
State, 3-2-1953, coll. C. V. Subramanian, Herb. M.U.B.L. No. 725 
(Type). 

My fungus is clearly a Memnoniella. It has, however, conidia 
with smooth walls in contrast to the type species, M. echinata (Riv.) 
Galloway (Galloway, 1933) which has echinate conidia. I have, there- 
fore, described my fungus as a new species. 


34. Volutina concentrica Penz. & Sacc., 1901, in Malpighia, p. 257. 
Icon. Fung. Java, t. LX XIX, f.2. Saccardo, 1906, Sylloge Fungo- 
rum, 18: 668. 


Sporodochia sparse or gregarious, obconical to hemispherical, 
pale in colour, setose, up to 300, broad, 180, tall. Sete hyaline, 
with very thick walls and little or no contents when mature, thin-walled 
with protoplasmic contents when young, septate, subulate, with blunt 


. tips, up to 520 uw long, 3-7 » broad at, the base. Hyphe in sporodochia 


radiating, forming concentric strata one over another, and composed 
of conidiophores. Conidiophores thin and _ cylindrical compacted 
together, hyaline, up to 30 long, 1-2 broad. Conidia simple, 
one-celled, hyaline, cylindrical, with blunt ends, catenate, 4-9-6-7 x 
1-2 p. 

Habit.—On dead straw, University Botany Laboratory campus, 
Madras, 28—2-1953, coll. K. Ramakrishnan, Herb. M.U.B.L. No. 862. 

I am grateful to Professor T. S. Sadasivan for critically reading 
the manuscript and to Professor H. Santapau for translating into Latin 
the diagnoses of the three new species. 
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SOIL CONDITIONS AND ROOT DISEASES 
X. The Tomato Wilt Fusaria* 


By R. PRASANNA VARMA 
University Botany Laboratory, Madras-5S 


(Received for publication on February 2, 1954) 


INTRODUCTION 


AN investigation into the ‘ Soil conditions and root diseases in plants 
with special reference to Fusaria’ has been in. progress for some time 
in this laboratory. The present investigations deal with the ‘Fusarium- 
wilt’ of tomato with special reference to the range of pathogen in rela- 
tion to soil, the pathogenic properties of the organisms isolated, the 
influence of the pathogen upon the suscept, varietal resistance and seed 
transmission of the pathogen. 


Though the disease is very common, practically no work has been. 
done in India on the ‘Fusarium-wilt’ of tomato and, therefore, it is 
not certain whether the disease as is found in India, especially Southern 
India, is identical with the disease incited by Fusarium bulbigenum Cke. 
et Mass. v. lycopersici (Brushi) Wr. & Rg., in Europe and the United 
States. 


The fungus Fusarium lycopersici, inciting the disease, was described 
by Saccardo from Italy in 1886, as a variety of Fusarium oxysporum. 
Massee (1896) first described ‘Sleepy Diseases’ of tomatoes in Britain 
and attributed it to Fusarium. He stated that the tomato wilt pathogen 
possessed two stages, the ‘diplocladium’ and ‘fusarium’ forms, pro- 
duced from the same hyphe, but that only the ‘fusarium’ form was 
able to infect the plant. Bewley (1922) showed that the ‘fusarium 
and ‘diplocladium’ forms were not stages of the same fungus, but 
belonged to different genera and each could under definite conditions, 
produce wilt. Uppal et al. (1934) isolated a strain of Fusarium lyco- 
persici from Bombay Presidency, from wilted tomato plants. Wollen- 
weber and Reinking (1935) recorded the following Fusaria causing wilt 
or rot of tomato:— 


Fusarium bulbigenum vy. lycopersici, F. equiseti, F.  scirpi, 
F. scirpi v. acuminatum (F. erubescens), F. oxysporum, F. moniliforme. 
F. avenaceum, F.  ceruleum, F.  semitectum, FF. _ lateritium, 
F, sambucinum, and F. culmorum. Wellman (1943) described a 
new species of Fusarium causing vascular wilt of tomato—F. retusum, 
identical in symptoms with that of F. bulbigenum v. lycopersici. 


The most outstanding investigation of tomato wilt is that of White 
(1927) who made a study of 24 strains of Fusarium lycopersici with 


* Part of thesis approved for the Degree of Doctor of Philosophy of the 
University of Madras. 
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respect to pathogenicity, cultural characters, physiological studies 
including temperature as related to growth, H-ion concentration as 
related to growth, sources of energy of growth and toxic excretory 
products and their relation to tomato wilt. 


The first suggestion that the tomato wilt is a seed-borne disease 
was made by Clinton (1903, 1918). No definite proof that the seed 
carried the fungus was given by Clinton, but his work has been cited 
as an established proof by Norton and Leathers (1918). Pritchard 
(1922) stated that the disease is seed-borne, but recorded no experi- 
mental evidence. Edgerton and Moreland’s (1920) account might be 
said to establish the possibility that the disease can be carried on the 
seed. Elliot and Crawford (1922) in Arkansas described transmission 
of the pathogen with the seed, as did Kendrick (1944) in California. — 
Samson et al. (1942), in Indiana, found it to occur only rarely in seeds 
extracted from infected plants. 


Zogg (1950) defined real mixed infection as caused by two or more 
different types of organisms which simultaneously penetrate the host 


and he defined them as indifference, depression and augmentation. 


He further emphasized that a prediction of the outcome of the infection 
to be expected was not possible in the case of mixed infection, and 
advocated that each mixed infection was to be treated practically as a 
new disease. 


MATERIALS AND METHODS 


The general laboratory technique followed was as proposed by 
Rawlins (1933), for preparation of media, maintenance of cultures, etc. 
Some of the departures from those outlined by Rawlins are detailed 
below. Any technique over and above those given below, will be 
referred to under experimental results. i 


More than a thousand isolations of Fusarium spp. were made 
from diseased tomato plants obtained from various localities in the 
Madras Presidency: Agricultural Research Station, Coimbatore; Agri- 
cultural Research Station, Kovilpatti; Rice Research Station, Tiroor- 
kuppam; Soundarya Nursery, Madras; and Private Garden, Madras. 


Cultural studies 


(a) Identification During the earlier part of the work, the methods 
outlined by Padwick (1940) were adopted. Later, modifications were 
made to suit the experimental procedure. 


(b) Radial growth rate——The’isolates were grown on 2% potato- 
sucrose agar for determining the comparative growth rates. In each 
of the Petri dishes (10cm. diameter), 10 ml. of medium were poured 
and inoculum discs cut out with a cork borer from the edge of young 
colonies growing on similar medium in Petri dishes were placed at the 
centre. The cultures were incubated at room temperature (28—30° C.), 
Growth readings were recorded every 24 hours. The average of the 
maximum and minimum diameters was recorded in each case. 


] 
i 
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Pathogenicity studies 
(a) Pathogen.—All the 38 isolates of Fusaria. 


(6) Host—Tomato seeds supplied by Messers. N. Cooper & Co., 
Seed Merchants, Poona, and Messrs. Pestonjee Pochas & Sons, Seed 
Merchants, Poona, were used. Prior to planting, the seeds were sur- 
face sterilized with 1/14 aqueous bleaching-powder solution. 


(c) Soil—Air-dried and sieved (mesh 1/18” square) garden soil 
in glazed pots were used. All experiments were conducted with soil 
sterilized at 20 1b. steam pressure for 60 minutes. 


(d) Inoculum.—The inoculum for greenhouse pathogenicity tests 
was increased in oat-soil (soil: oats: water:: 9: 1:3; autoclaved at 
20 1b. steam pressure for 2 hours). The inoculum for 21 day-growth 
was mixed with sterilized soil, required number of seeds were planted 
and then covered with a layer of sterilized soil. The amount of inoculum 
supplied varied with the experiments. In all cases, initial moisture 
level of the soil was adjusted to 50% saturation and after the germina- 
tion of the seeds, the requisite amount of water was supplied once 
daily to avoid physiological wilting. All the pots were incubated in 
the greenhouse, the temperature of which varied from 28° to 32°C. 
during the course of the pathogenicity tests. 


All the isolates of Fusaria were numbered in the serial order for 
experimental convenience. Isolate 1, Fusarium bulbigenum Cke. et 
Mass. v. lycopersici (Brushi) Wr. & Rg., was obtained from the Centraal- 
bureau voor Schimmelcultures, Baarn, for comparative studies. Iso- 
late 2, was supplied by the Mycology Department, Agriculture College, 
Coimbatore, Isolates 3 to 38 were obtained from wilted tomato plants 
by the author. 


EXPERIMENTAL 
Cultural characters of the 38 Isolates 


The first 12 isolates were grown in 2% and 5% potato-sucrose 
agar, Malt agar, Steamed rice, Oat agar and potato plugs. All the 
cultures were incubated in an ice-chest at 26° to 28°C., and spore | 
measurements were made on the 10th, 2Ist and 30th days from the 
date of inoculation. A minimum of 100 spores were measured on each 
of the above 3 days and in each medium, except where sporulation 
was very poor. Averages as well as ranges were noted. For colour 
characters steamed rice was used and colours were recorded according 
to Maerz and Paul (1930). It was found that very satisfactory results 


-could be got for identification from the spore measurements based on 


a single medium in which the fungus grew well and sporulated, the 
medium being different for the different isolates. During the course 
of the work, it was found that sporulation could not be effected in 
the following Isolates in any of the above media: Isolates 9, 11, 15, 
16, 18, 20, 21, 22, 23, 24, 27, 29, 32, 33, 34, 35 and 36 (Table I). All 
these isolates were grown on Richard’s agar supplied with two micro- 
grams of Thiamin hydrochloride. On 7 to 10 day-incubation at room 
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temperature (28-30°C.) they gave very promising results—all types 
of spores were produced abundantly, but chlamydospores were not 
so common as they used to be when grown on other media. Table I 
gives the details of cultural characters of the 38 isolates. 


In general, no two of the 38 isolates were exactly similar. In 
some cases two or more isolates were virtually identical in some of the 
characters but different in others. Monoconidial isolates of 3, 4, 5, 
6, 9 and 11 were very similar in pigmentation, type of mycelial growth 
and conidial characters. However, minor differences in growth rate 
and differences in the type of media required for sporulation were 
discernible. Characters of the isolates were compared with those of 
Wollenweber and Reinking (1935). 


Isolate 1. Fusarium bulbigenum Cke. et Mass. v. lycopersici (Brushi) 
Wr. & Rg. 


Aerial mycelium in patches. Usually the mycelium forms 
adpressed to the substratum and along the wall of the test-tube in an 
even layer. On potato plugs the mycelium is fluffy. and chalk white. 
Micro-conidia present, usually oval, or spherical and rarely kidney- 
shaped. Macro-conidia usually 3 to 5 septate, narrow, more often 
sickle-shaped, and tapering at both ends. Basal cell with a prominent 
foot. Chlamydospores both intercalary and terminal. Sclerotia not 
present, but at times the hyphe form sclerotial strands which disappear 
soon. Sporodochia numerous, especially in oat agar. They merge to 
form pionnotes (Text-Fig. 1). 

O-septate, 8°-72:3y ( 5:1-13-6x1-7-3-4p) 
l-septate, 14-5x2-6u ( 6:8-25:5x1-7-3-4p) 
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Text-Fic. 1. Camera lucida drawings of the spores of isolates 1 to 16. 
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2-septate, 24-2 x3-4 py (20:4-28-9 x2-5-4:2 1) 

3-septate, 37-9 x3-5 (25-5-54-4x2-5-4:2 p) 
_ 4-septate, 41-43-4y (39-1-45-9 x3-4p) 

S-septate, 47-2 3-5 (25:5-62:9 X3+4-4-2 ) 


Isolates 2, 13, 14, 15, 16, 29 and 30. Fusarium solani (Matt.) 
App. et Wr. v. minus Wr. 


Isolate 2 


Mycelial growth as in isolate 1. Micro-conidia numerous on the 
aerial mycelium, of varying shape, usually spherical to oval. Macro- 
conidia thick-walled, usually beaded, straight, tip blunt and with a 
prominent foot cell. Very often some of the cells of the macro-conidia 
fe. into chlamydospores. No sporodochia or pionnotes (Text- 

ig. 1). : 
O-septate, 8-9Xx2-4y ( 5-1-13-6 x1-7-4:2p) 
l-septate, 14-8 x2-8 yu ( 6:8-22-1 x1-7-5-1 p) 
2-septate, 21:8 X3-7 w (18-7-23-8 x3-5-5+1 p) 
3-septate, 27-9 x3-8 uw (17:0-39-1 x3-5-5-1 p) 


Isolate 13 


Mycelium fluffy white. Micro-conidia usually spherical, oval or 
oboval, on the aerial mycelium. Macro-conidia in sporodochia, thick- 
walled with distinct septa. 3-septate conidia numerous. Tip blunt, 
foot cell prominent. Chlamydospores intercalary and terminal, both 
smooth-walled, ornamented (Text-Fig. 1). 


Q-septate, 9°1x4-8yu ( 7-3-11-7 X4-2-5-0 p) 
l-septate, 18-6 5-0, (13-3-25:0 x5-0) 
2-septate, 23:4 5-0 (21-7-26-7 x5-0 p) 
3-septate, 28-8 X5-1 pu (23-3-35-0 X5:0-5°8 pu) 


Isolate 14 


Cultural characters similar to isolate 13; chlamydospores smooth 
walled (Text-Fig. 1). 


0-septate, 1003-9 u ( 6-7-11°7 3-3-5 0p) 
l-septate, 13-3 3-8 u ( 8°3-26-7 X3-3-4:2u) 
3-septate, 25-0 x4-9 w (20-0-30-0 x4-2-5-0 p) 


Tsolate 15 


Mycelium very fluffy, white. Conidia in the aerial mycelium, 
3- to 5-septate, septa distinct, tip blunt and foot cell prominent. 
Chlamydospores both intercalary and terminal. In very old cultures 
pionnotes are present (Text-Fig. 1). 
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O-septate, 8°6X2:3p ( 5:1-11-9 X1°7-3-3 w) 
l-septate, 11:-9x3-4p ( 8-5-17-0 X2-5—4-2 p) 
3-septate, 22:2 4-0 (15-0-32:5 x3-3-4-9 y) 
5-septate, 27:8 x4-Op (24-1-32-5 x3-3-4-9 p) 


Isolate 16 


Mycelium poor, slimy. Micro-conidia numerous on the aerial 
mycelium. Macro-conidia 3- to 5-septate, rounded at both ends, 
slightly curved, foot cell prominent. Chlamydospores terminal and 
intercalary, often singly, globose, rarely two to three-celled; walls 
more often smooth, rarely ornamented. Sporodochia transforming into 
pionnotes in old cultures (Text-Fig. 1). 

Q-septate, 8°4x2-S5pu ( 5°8-13°8 x1-7-3-3 y) 
l-septate, 11-7 3-2 ( 8-3-16-7 X2-5-4-1 p) 
3-septate, 23:0 x4-1 pu (15-0-31-7 x3-3-4-9 py) 
5-septate, 29:0 4-3 (23-3-33-3 x4: 1-4-9 pw) 


Isolate 29 


Cultural characters similar to Isolate 16 (Text-Fig. 2). 
Q-septate, 7°6x2-:S5p ( 5-1-11:7 X1-7-3-4p) 
l-septate, 10-0 3-3 ( 8-3-13-3 x2-5-4-1 p) 
3-septate, 21-7 3-4 (16:7-28-3 x3-3-4-1 py) 
5-septate, 27:5 3-4 (23-3-31-7 x3-3-4-1 p) 


Isolate 30 


Mycelium fluffy, white. Micro-conidia on the aerial mycelium, 
spherical, oval or oblong. Macro-conidia 3- to 5-septate, tip blunt, 
slightly curved and with a prominent foot cell. Chlamydospores both 
Pee. and terminal. Sclerotia and sporodochia present (Text- 

Pee) 
O-septate, 5:9X1-9p ( 5-1- 6-8 X1-7-2:5 p) 
l-septate, 7:62-2y ( 6:8-13-6X1-7-3:4 py) 
3-septate, 25-5 x3-6 (22:1-35-7 X3-4-4-2 p) 
5-septate, 32:3 x3-7 yu (30-6-37°4 x3-4-4-2 p) 


Isolates 3, 4, 5, 6, 9, 11, 19, 20, 21, 26, 33, 36° and 38 Fusarium. 
scirpi. Lamb. et Fautr. 


Isolate 3 


Very abundant production of aerial mycelium, white to deep red. 
Macro-conidia sickle-shaped with long pointed beak. 3- to 7-septate, 
5- to 7-septate more common, of varying size. Foot cell prominent, 
pointed and curved. Middle part of the conidia bulging. Septa in- 
distinct. Chlamydospores numerous, intercalary and terminal. Sporo- 
dochia present (Text-Fig. 1). 
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TextT-Fic. 2. Camera-lucida drawings of the spores of isolates 17 to 38. 


3-septate, 23-7 3-9 p (15-3-37°4 X3-4-4-2n) 
5-septate, 35:7X4-3 pn (25-5-47-6 X4-2-5: 1p) 
T-septate, 39-7 X4-2p (35-7-47-6 X4°2 p) 


Isolate 4 
Cultural characters similar to isolate 3 (Text-Fig. 1) 
3-septate, 20-2 x3-8p (15-3-37°4 x3-4-4-2 nu) 
5-septate, 34:5 4-2 w (25:5-47-6 «4-2 p) 
T-septate, 40:0 x42 (37-4-42:5 x4-2p) 


Isolate 5 
Cultural characters similar to isolate 3 (Text-Fig. 1). 
3-septate, 24-4 3-8 yw (15:3-37°4 x2-5-4-2p) 
5-septate, 35:6 x4-0p (25:5-47-6 x3-4-4-2 yw) 
7-septate, 40:6 4-2 (34-0-47-6 x4-2 p) 


Isolate 6 
Cultural characters similar to isolate 3 (Text-Fig. 1). 
3-septate, 28-7 3-5 p (18-7-37°4 x2-5-4+2 p) 
4-septate, 31°73+7p (27-2-35°7 x3-4-4-2 p) 
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5-septate, 36-9 X4-Op (32°3-42°5 x3-4-5+ 1 pw) 
6-septate, 40-8 xX4-2p (35-7-42°5 X4-2n) 
T-septate, 42:9 4-4 p (37:4-49°3 x4-2-5-1 p) 


Isolate 9 
Cultural characters similar to isolate 3 (Text-Fig. 1). 


3-septate, 24-1 X3-9 p (15-3-37°4 x3-4-4+2 p) 
5-septate, 35°6X4:1 pm (32-3-42°5x3-4-5-1p) 
T-septate, 40-24-42 (35+7-47-6 X4-2-5+1 p) 


Isolate \1 
Cultural characters similar to isolate 3 (Text-Fig. 1). 


3-septate, 24-5 x3-7 pm (18°7-37:4X2°5-4-2 p) 
4-septate, 30-4 X3°7 (28:9-35:7 X3-4-5:1 p) 
5-septate, 35-8 4-1 p (28-9-42-5 x3-4-5-1 p) 
7-septate, 39:94:32 (37-4-49-3 x4-2-5+1 p) 


Isolate 19 


Mycelium fluffy, white. Micro-conidia on the aerial mycelium, 
spherical to oval. Macro-conidia of varying size, tip beaked, foot 
cell prominent. 3- to 4-septate conidia more common. Chlamydo- 
spores both intercalary and terminal. Smooth-walled. Sporodochia 
present (Text-Fig. 2). 


Q-septate, 6°7X1-8p ( 5-0- 8- 3xI1- 7-2-5) 
l-septate, 8-3x1:9 ( 6°7-10:0 x1-7-2-5 yp) 
3-septate, 21:7 X2-1 mu (18:3-26°7 x1-7-3°3 p) 
4-septate, 30:0 2-6 (26:7-33: fee 5-3-3 pu) 


Tsolate 20 


Cultural characters similar to isolate 19. Sporodochia and pion- 
notes present. Sclerotial bodies seen (Text-Fig. 2). 


O-septate, 8°5X2-6p ( 5:1-11-9x1-7-3-4y) 
l-septate, 15-6 X2:7p (10-2-22-1 x1-7-3-4p) 
3-septate, 28-1 X3-9 uw (20-4-35-7X3-4-42 p) 
5-septate, 36:5 X4-0 u (30-6-42:5x3-4-4-2 pn) 


Tsolate 21 


Cultural characters coatiete to isolate 19, but no sporodochia or 
pionnotes. Conidia 0- to 5-septate, 3- to 5-septate more common 
(Text-Fig. 2). 


aha 
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Q-septate, 6°5X1-9pu ( 5:1- 8-3 X1-7-3:3 1) 
l-septate, 10-8 x1-7y ( 8-3-13-3 1-7 p) 

3-septate, 22-9 2-8 u (20-0-30-0 x2-5-3-3 ») 
5-septate, 30-8 X2:9 uw (26-7-35 -0 x2-5-3°3 p) 


Tsolate 26 


Mycelium fluffy, white. Conidia distributed on the aerial mycelium. 
Micro-conidia oval. Macro-conidia curved with a prominent foot 
cell. Tip beaked. 3- to 5-septate conidia more common. Chlamydo- 
spores intercalary and terminal (Text-Fig. 2). 


O-septate, 7°5X1-9 ( 5:0-11-7X1-7-2:5y) 
l-septate, 13-3X1-9 wz (10-0-16:7 X1+7-2°5 p) 
3-septate, 26-7 X28 (20:0-33-3 X2-5-3-3 p) 
5-septate, 31-7 3-0 pw (26-7-40-0 x2-5-3-3 1) 


Tsolate 33 


Mycelium very fluffy, white. Micro-conidia spherical to oval. 
Macro-conidia curved with a pointed beak and a foot cell which is 
very prominent. Chlamydospores both intercalary and _ terminal. 
Sporodochia present. Pionnotes formed in very old cultures (Text- 
Fig, 2), 

Q-septate, 7°5X1:9p ( 6:/-10:0x1-+7-2°5 4) 
l-septate, 14-3 2-1 (11+7-16-7 x1-7-2-5) 
3-septate, 25-6 X2-9 pw (20-0-31 +7 X2-5-4-2 p) 
4-septate, 37:5 X2:9p (31:7-41-7 x2-5-4-2 p) 
5-septate, 37-5 <3-1p (31-7-41-7 x2-5-4-2 y) 


Isolate 36 


Mycelium fluffy, white. Micro-conidia spherical to oval. Macro- 
conidia of varying size and shape. 3- to 7-septate. Foot cell promi- 
nent, tip tapering and pointed. Sporodochia present (Text-Fig. 2). 

O-septate, 10:6 X2-9y ( 6°8-11-9 X1-7-5°1 p) 
l-septate, 12°-53-3 p» (10-2-15-3 X2-5-5-1 p) 
2-septate, 14-7 x3-3 w (10-2-25-5 x2-5-5-1 y) 
3-septate, 31-4 3-9 (15-3-35-7 X2°5-5-1 pw) 
5-septate, 43-1 4-5 (32-3-51-0 X3-4—-5-9 12) 
6-septate, 47-8 x4+7 wu (42:5-54°4 x4-2-5-9 p) 
T-septate, 54:1 5-0 (45:9-59-5 x4-2-6°7 w) 


Tsolate 38 


Mycelium fluffy, white to shades of rose. Micro-conidia spherical 
to oval. Macro-conidia curved, with a prominent foot cell. Beaked 
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and pointed. Chlamydospores both intercalary and terminal. Sporo- 
dochia present (Text-Fig. 2). 

Q-septate, 7°5X1-7p ( 5:0-10-:0X1-7 p) 

l-septate, 14-2 1-8 (13-3-16-7 X1-7-2°5 p) 

2-septate, 19-1 2-7 (16-7-21-7 X2-5-3-3 p) 

3-septate, 24:1 X2-7p (18-3-33-3 X2-5-3:3 pu) 

5-septate, 33:4 3-5 (25-0-41-7 x3-3-4-1 p) 

Isolates 7, 8, 10, 12, 23, 24, 27 and 34. Fusarium solani (Matt.) 

vy. Martii (App. et. Wr.) Wr. 


Tsolate 7 


Aerial mycelium fluffy, white to ‘Touquet’. The mycelial growth 
collapses as sporodochia are formed. Micro-conidia numerous on 
the aerial mycelium. 0- to l-septate, rarely 2-septate, oval to kidney- 
shaped, thick-walled. Macro-conidia 3- to 5-septate, forming sporo- 
dochia; thick-walled with well-formed septa. Conidia straight or 
curved. Apex blunt. Foot cell prominent. Chlamydospores both 
terminal and intercalary, wall ornamented as well as smooth. Pion- 
notes few, yellowish green (Text-Fig. 1). 


0-septate, 10:9 3-1 py ( 3:4-18-7 x1-7-5:1 p) 
l-septate, 20:8 x3-7 uw ( 8-5-30°6 X2-5-5-1 p) 
2-septate, 21:3 4-4 (15-3-25:5 x3-4-5:1 p) 
3-septate, 33-2 x4-9 w (14:4-44-2 x4-2-5-9 yw) 
4-septate, 39-5 4-5 (35-7-44-2 x4-2-5:1 p) 
5-septate, 45-9 x5-1 p (39:1-57-8 X5°1 py) 


Isolate 8 


Cultural characters similar to isolate 7. Pionnotes formed in 
-abundance, but sporodochia very few (Text-Fig. 1). 

0-septate, 9°42-9 ( 5-1-16-1x1-7-5-1 p) 

l-septate, 17-9 3-8 w ( 8-5-27:2 X1-7-5:1 p) 

2-septate, 29-1 4-5 pw (22-1-34-8 x3-4-5-1 p) 

3-septate, 29°44-7u (11-9-42-5 x3-4-6°8 p) 

4-septate, 33-6 5-Op (30-6-44:2 x4-2-5-1 ) 

5-septate, 42:2 5-1 uw (37:4-52:7 x5-1 p) 


Isolate 10 


Cultural characters similar to isolate 7: but chlamydospores smooth 
walled (Text-Fig. 1). 
0-septate, 10-0 2-5 pw ( 4-2-17:0 X1-7-4:-2 p) 
l-septate, 17-2 3-4 ( 6-8-23-8 x1-7-4-2 p) 
2-septate, 23-8 X4-1 uw (20-4-28-9 x2-5-5-9 yp) 
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3-septate, 30-9 4-8 p (17-0-42-5 x3-4-5-9 p) 
4-septate, 37-1 5-1 w (23-8-49-3 x4-2-5-9 w) 
5-septate, 43:0 x5-1 » (37-4-56-1 x5-1 p) 


Tsolate 12 


Mycelium fluffy, chalk white. Conidia on the aerial mycelium, 
usually micro-conidia, but toward the substratum macro-conidia are 
borne. Micro-conidia 0- to l-septate, oval to kidney-shaped, thick- 
walled. - Macro-conidia 3- to 5-septate, 3-septate being more common. 
Thick-walled with distinct septa. Chlamydospores both intercalary 
and terminal. Sporodochia and pionnotes nil (Text-Fig. 1). 


0-septate, 12-1 2-8 ( 5-1-18-7 x1-7-4-2 p) 
l-septate, 18-5 3-5 ( 5-1-25-5X1-7-5:1 p) 
2-septate, 25-9 x4-4 w (23-8-30-6 x4-2-5°1 yw) 
3-septate, 30-1 x4-8 wu (18-7-39-1 x3-4-5-9 p) 
5-septate, 39-2 x5-1 w (35-7-45-9 x5°1 p) 


Tsolate 23 


Cultural characters similar to isolate 7, but microconidia 3-septate 
only (Text-Fig. 2). 


Q-septate, 8°52:9 ( 3:4-17:0X1-7-5:1 p) 
l-septate, 15-9 x3-4 ( 8-5-25-1 X2-5-5S-1 yw) 
3-septate, 32-8 X4:9 » (15-3-43-4x3-4-5-9 p) 


Tsolate 24 
Cultural characters similar to isolate 23 (Text-Fig. 2). 


O-septate, 8-1 X2-8y ( 3:4-17:0x1-7-4:3 ) 
l-septate, 15-2 x3-3 w ( 8-5-22-1 X1-7-5-1 p) 
3-septate, 30°4 4-8 p (15:3-40-0 x3-4-5-9 ys) 


Isolate 27 


Mycelium very fluffy, white. Conidia 0- to 5-septate; 0-septate 
conidia on the aerial mycelium. Macro-conidia thick-walled with 
distinct septa, foot cell prominent, apex blunt. Chlamydospores both 
intercalary- and terminal, the former often in chains, Sporodochia 
present (Text-Fig. 2). 


Q-septate, 6°3x2-Sp ( 5:I- 8:5 X2°5 yp) 

l-septate, 15:0 2-6 » (10-2-17:0 X2:5-3-4 pw) 
3-septate, 28-7 3-5 wu (23-8-34:0 X3°4-4:2 p) 
5-septate, 36:8 X3-7 (32:3-40°8 x3-4-4:2 p) 
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Tsolate 34 


Mycelium fluffy, white. Micro-conidia oval to kidney-shaped. 
Macro-conidia 3- to 5-septate more common, thick-walled with distinct 
septa, both ends blunt, curved, with a prominent foot cell. Chlamydo- 
spores both intercalary and terminal. Pionnotes formed in abundance 
in old cultures (Text-Fig. 2). 

O-septate, 8-5X2-8y ( 5-1-16-1X1-7-5:1 p) 
l-septate, 16-9 X3-7 pw ( 8-5-25:5 X1-7-5:1 yp) 
2-septate, 26:7 x4-3 pw (20-3-34-0 x3-4-5-1 p) 
3-septate, 28-6 4-6 w (11:9-44-2 x3-4-5-9 p) 
4-septate, 30:0 x4-9 (20-6-42-5 x3-4—-S:1 p) 
5-septate, 40-7 x5-1 pw (36:6-51-0 5-1 p) 

Isolates 17, 25 and 28. Fusarium semitectum. Berk. et Rav. V. 
majus Wr. 


Tsolate 17 


Mycelium fluffy, white. Conidia borne on the aerial mycelium 
toward the base, 0- to 3-septate. Micro-conidia usually spherical, 
rarely oval. Macro-conidia more often 3-septate, both ends pointed, 
without a marked foot cell. Septa thin-walled. Chlamydospores 
intercalary. Sporodochia and pionnotes nil (Text-Fig. 2). 

_ O-septate, 8-62-77 ( 5-1-11-9X1-7-3-4 p) 
l-septate, 14-8 X2-9 (10-2-22:12-5-3-4 p) 
2-septate, 21:5 3-4 (18-7-23°8 x3-4 yp) 
3-septate, 29-2 3-6 w (23-8-34-0 X3-4-4-2 p) 


Tsolate 25 


Cultural characters similar to isolate 17; but conidia 0- to 5- 
septate and sclerotia present (Text-Fig. 2). 
Q-septate, 5-8 x4-lpu ( 5:0- 8-3 x2-5-5-0p) 
l-septate, 12-5<3-Op ( 8:3-16-7 X2-5-3°3 p) 
3-septate, 28:3 x3-Op (23-3-33-3 x2:5-4-1 p) 
4-septate, 30-3 «3-2 w (26-7-35:0 x2:5-3-3 p) 
5-septate, 33-1 3-4 (28-3-38-3 x2:5-4:1 pw) 
Isolate 28 
Cultural characters similar to isolate 25, but chlamydospores both 
intercalary and terminal, the latter very rare (Text-Fig. 2). 
0-septate, 6:°7X1-:8y ( 5:0- 8-3X1-7-2:5 p) 
l-septate, 10-8 x1-7u ( 8-3-13-3 X1-7p) 
3-septate, 26-8 X2-9 w (22-1-32:3 x2°5-3:4 p) 
5-septate, 35-6 <3°8 uw (32:3-42:5 x3-4-4-2 p) 
Isolates 18 and 22. Fusarium oxysporum Schlechtendahl. 
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Mycelium fluffy, white. Conidia borne on the mycelium toward 
the base. Micro-conidia spherical. Macro-conidia thin-walled with 
distinct septa, foot cell prominent, tip pointed and slightly curved, 
usually 3-septate. Chlamydospores both intercalary and terminal. 
Sclerotia present (Text-Fig. 2). 

Q-septate, 6°7X1-7u ( 5:0- 8:3X1-7p) 
l-septate, 10-0 X1-8u ( 8-3-13-3 X1-7-2-5 yn) 
2-septate, 16°7 2-5 (13-3-21-7 x2°5 p) 
3-septate, 21-7 2-5 (13-3-26-7 X1+7-3°3 p) 


Isolate 22 


Cultural characters similar to isolate 18, but mycelial growth poor 
(Text-Fig. 2). 
Q-septate, 8-3X1-9u ( 5:0-13:3 X1-7-2°5 p) 
l-septate, 10-0 x2-1 wu ( 6°7-11-7 X1-+7-2:5 p) 
3-septate, 26-7 X3-3 uw (20:0-33-3 x1 -7-4-2 p) 


Isolates 31 and 32. Fusarium conglutinans v. citrinum Wr. 


Tsolate 31 


Mycelium fluffy, white. Conidia on the aerial mycelium. Micro- 
conidia spherical to oval. Macro-conidia 3- to 5-septate, tip curved 
and beaked. Foot cell prominent. Chlamydospores both intercalary 
and terminal. Sporodochia and pionnotes nil (Text-Fig. 2). 

Q-septate, 7:1 x3-Ou ( 5:l- 8-5 X2-5-3-4 p) 
l-septate, 11-1 3-4 (10-2-13-6 x3°4 pv) 
3-septate, 28-3 3:4 (22-1-39-8 x3-4 p) 
5-septate, 37:3 X3-4 (32-3-41-5 x3-4 p) 


Isolate 32 
Cultural characters similar to isolate 31 (Text-Fig. 2). 


0-septate, 7°5x1-1 ( 6:7-10-0 X1-7p) 
l-septate, 15:0 2-4 (11-7-16-/ X1-7-2°5 p) 
3-septate, 25-6 X2+6 u (20-0-31-7 X2°5-3-3 p) 
4-septate, 37-5 2-5 (31-7-41-/ X2°5 p) 
5-septate, 37-5 x2°6 pu (31-7-41-7 X2-5-3°3 pu) 


Isolate 35. Fusarium equiseti (Cda.) Sacc. 


Mycelium slimy, white, with patches of fluffy growth. Conidia 
0- to 9-septate, 3- to 7-septate very common. Macro-conidia often 
straight, sometimes curved, with a pointed and tapering apex. Foot 
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cell prominent. Chlamydospores both intercalary and _ terminal. 
Sporodochia and pionnotes present (Text-Fig. 2) 


0-septate, 8:5xX2-Opu ( 6:8-11-:9 x1-7-2:5 p) 
l-septate, 16°8X2-Sp (11-9-22:5 x2-5 p) 

3-septate, 32-6 X3-2 (20:4-49-3 x2-5-4°3 p) 
4-septate, 40°6 4:2 (34:0-56-1 x3-4-5-1 p) 
5-septate, 46°6 4-8 uw (40-8-56-1 x4-3-5-1 p) 
6-septate, 49-8 x4-8 pw (40-8-59-5 x4-3-5-1 p) 
7-septate, 50-3 x4-9 uw (45-9-59-5 x4-3-5:1 p) 
9-septate, 62:9 5-1 w (56-1-68-0 x5-1 p) 


Isclate 37. Fusarium lateritium Nees v. uncinatum Wr. 


Mycelium fluffy, white. Conidia 0- to 6-septate, 0- to 1-septate 
very few, spherical to oval. Macro-conidia usually 3- to 5-septate. Foot 
cell prominent, apex slightly curved and tapering. Chlamydospores 
nil. Sporodochia and sclerotia present (Text-Fig. 2), 


O-septate, 5-8X1-7p ( 5:0- 8-3X1-7p) 

|-septate, 10°8X1-9p ( 83-15-01-7-2:5p) 
2-septate, 18°3x2:5p (16-7-20-0x2°5 p) 

3-septate, 24-2 X2-9 pu (18-3-33:3 X2°5-3°3 p) 
4-septate, 26-5 X28 p (18-3-33°3 X2-5-3°3 p) 
5-septate, 33-3 X2-9 uw (28-3-40-0 x2-5-3-3 ps) 
6-septate, 45-0 X2-9 nz (40-0-51-7 x2-5-3°3 p) 


Pathogenicity of the 38 mono-conidial Isolates 


Pathogenicity of the Fusarium isolates was distinguished on the 
- basis of the relative percentage of plants killed. The fungus is influ- 
enced more by competition with other organisms, and perhaps also 
by environmental factors, than fungi like the rusts and smuts which 
attack the above-ground parts of the plants. Hence, a certain degree 
of fluctuation in the percentage pathogenicity exhibited by the same 
fungus in different experiments was inevitable. In the following experi- 
ments, the percentage of plants killed was based separately on pre- 
emergence, post-emergence and -total wilt; pre-emergence being 
calculated on the basis of viable seeds in the control series. Symptoms 
shown on the above-ground parts of the plants alone were considered 
as an index to pathogenicity. 


In a series of preliminary experiments, isolates 1 and 2 were grown 
on Richard’s nutrient solution and the resulting fungal mats from 21- 
day old cultures were transferred to sterilized soil and seeds of Bonny 
Best variety of tomato were planted. The experiment was under 
observation for 3 months. No wilt symptoms were observed. Using 
the same isolates, but raised on soil-oats, pathogenicity tests were 
age inoculum potential in the pots being adjusted to, soil : inoculum 

:1:1, 2:1, and 4:1. In all the three sets, 100% pathogenicity was 
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recorded and hence for subsequent experiments, the inoculum dosage 
was reduced to 10% on weight basis. 


All the isolates were tried on Bonny Best variety of tomato, but 
because of greenhouse space limitations, not all of the isolates were 
tested at one time. They were grouped arbitrarily into 3 lots of 12, 
12 and 14 and pathogenicity of each lot was separately tested. The 
greenhouse temperature varied between 28-31°C., during the 3 
experiments. All the isolates gave pre-emergence disease, the lowest 
being 22% incited by isolate 6 and the highest 90% incited by isolates 
21 and 31; while, isolates 14, 18, 19, 21, 25, 26, 28, 30, 32, 33, 35 and 
36 incited no post-emergence wilt. Maximum post-emergence wilt 
was incited by isolate 37 and minimum by isolate 34 (Text-Figs. 3 
and 4). In all the cases, disease symptoms appeared within 3 weeks 
from the time of planting the seeds. The disease period varied with 
the isolate, but in the majority of the cases, from the day of onset of 
the disease, the period of attack or virulence of the pathogen was of a 
short duration of about 5 to 6 days; beyond which period, those plants 
which escaped the disease were found to be healthy throughout. Excep- 
tion to this were seen in the case of isolates 11 and 16, where the dis- 
ease period ranged from 10 to 15 days. All the diseased plants were 
plated out and the respective pathogen responsible for the wilt recovered. 
Another interesting observation in connection with the pathogenicity 
experiments is that in the inoculated series, in the majority of cases, 
seed germination was delayed as compared to the controls, where 
all the viable seeds germinated within 6 to 8 days. This is highly marked 
in the case of pots inoculated with isolates 20, 22, 24, 29, 30, 31, 32, 
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Text-Fic. 3. Virulence of 38 monoconidial isolates of Fusaria on Bonny Best 
variety of tomato. Pre-emergence and Post-emergence disease percentage. 
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_TEXT-Fic. 4. Virulence of 38 monoconidial isolates of Fusaria on Bonny Best 
variety of tomato. Total wilt percentage. ; 


33, 34, 35 and 38, the germination period extending up to 21, 30, 28, 
33, 28, 28, 28, 33, 33, 33 and 21 days respectively. 


Pathogenicity in relation to time of planting the seeds 


Experimental procedure was essentially similar to the earlier patho- 
genicity tests. The most virulent pathogen (isolate 37, Fusarium lateri- 
tium Nees vy. uncinatum Wr.) was used. Unlike the previous experi- 
ment, here, after lowering the inoculum into the soil, the seeds were 
planted on the Ist, 7th, 14th, 21st and 28th day. In each case 4 replicates 
were maintained as well as 10 seeds per replicate. Observations 
were made till the 8th week from the day of planting the seeds. 
Table II gives the pre- and post-emergence disease analysis. From 
the analysis, it was found that pre-emergence disease decreased as 
the time of planting the seeds increased, there being no pre-emergence 
disease on the 21st and 28th days. Further, even on the 14th day, 
the pre-emergence wilt was only 13%. Considering post-emergence, 
as in the above case, the fall is in the order of delay in planting the 
seeds, but, on analysis, the Ist, 7th and 14th days were similar, so also 
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TABLE II 


Be eaclty in relation to time of planting the seeds. Pre- and post- 
emergence analyses 


Pre-emergence disease Post-emergence disease 
Time of planting — 

Total Mean Total Mean 
Ist day (A) . 32 8:0 32 8-0 
7th day (B) Fic! een 4-5 30 7:5 
14th day (C) ce 5 1-25 24 6-0 
21st day (D) oo Nil Nil’. 22 5-5 
28th day (E) “ Nil Nil 22 5-5 

S.E. =0°5 | S.E. = 2-6 

C.D. at5% = 1:06 | C.D. at5% = 2:4 

Wee, erete soi >) APB, C; DE 


the 7th, 14th, 21st and 28th days; the first day post-emergence disease 
being significantly greater than the 21st, and 28th days (Text-Fig. 5), 
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TextT-Fic. 5. Virulence of /usarium al alg Nees y. uncinatuin Wr. (Isolate 
37), in relation to time of sowing the seeds, 
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Mixed inoculation 


To ascertain how far a combination of two Fusaria, on the basis 
of pathogenicity, alter the symptoms and wilt picture, the following 
experiment was conducted. The combinations given below were based 
on the results of the earlier pathogenicity experiment. 


A combination of the most virulent isolate (isolate 37, Fusarium 
lateritium Nees y. uncinatum Wr.) was made with the following iso- 
lates :— 


(a) Isolate with equally high pre- and post-emergence virulence 
(isolate 38, Fusarium scirpi Lamb. et Fautr.). 


(6) Isolate with least post-emergence virulence (isolate 25, Fusarium 
semitectum Berk. et Rav. v. majus Wr.). 


(c) Isolate with least pre-emergence virulence (isolate 6, Fusarium 
scirpi Lamb. et Fautr.). 


The inoculum potential was maintained both in the controls 
(inoculum added singly) as well as in the mixed inoculated series at 10% 
weight basis. Five replicates with 10 seeds in each replicate were 
maintained. 


In the first group, pre-emergence was considerably lowered, while 


post-emergence was maintained fairly high, although lower than that - 


incited by the individual Isolates. In the second combination, post- 
emergence was almost the same as that incited by the single isolate 37, 
despite the presence of the ‘nil post-emergence’.Isolate 6. Here, the 
pre-emergence showed an increase over the first combination, although, 
in the first combination, individually both the isolates were of a high 
virulence in respect of pre-emergence. In the second combination, 
however, isolate 25 incited less pre-emergence wilt compared to isolate 
38 of the first combination. In the third combination, no pre-emergence 
was observed, but contrary to the second combination, here, the post- 
emergence was very much reduced, although, isolate 6 incited 44% 
post-emergence wilt while isolate 25 incited no post-emergence wilt 
(Table III and Text-Fig. 6). 


Varietal tests 


The following experiment was planned to determine how far the 
most virulent isolate (isolate 37, Fusarium lateritium Nees v. uncinatum 
Wr.) reacted to the different varieties of tomato. Only those varieties 
commonly grown in India were tried—Bonny Best, Earliana, Golden 
Queen, Marglobe, Mikado, Monarch, Ox-heart, Ponderosa and 
Prichard. Inoculum potential was kept at 10% on weight basis. Four 
replicates and 10 seeds per replicate were maintained. 


The most susceptible Bonny Best and the least susceptible Marglobe 
showed the same order of susceptibility in pre-emergence, post- 
emergence and total wilt analyses. But the other intermediate varieties 
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TABLE III 
Mixed inoculation, pre-, post-, and total wilt analyses 


Pre-emergence disease | Post-emergence disease Total wilt 
Tsolate ; 
Total Mean | Total* Mean | Total | Mean 
| | 
38 (A) 34 6-8 323 64:6 | 44 | 8-8 
37 (B) 38 7-6 283 56-6 | 45 9-0 
25 {@) 23 4-6 Nil Nil 23 4-6 
we A(D)| 1 2-2 221 44-2 28 5-6 
37 38 (E) 17 3+4 292 58-4 36 7-2 
. | 
37 25 (F) |. 28 5+6 343 68-6 43 8-6 
| | 
37 6 (G) Nil Nil 160 32-0 | 16 3+2 
———— ee | oc a —$——— 
S.E. = 1-6 S.E. = 661 S.E. = 1:6 


C.D. at5% =1:8 | C.D at5% = 37-05 | C.D. at 5% = 1-83 


'B, A, F, C, FE, D, G| F, A, E,B,D,G,C B,A,F,E, D,C.G 


| 
LL 
* for convenience of calculation the number of plants per replicate is multi- 
plied by 10., . 


SINGLE MIXED 
ISOLATE . POST-EMERGENCE ISOLATES 
(=a HE 3371-6 
25 nil ME -37+-25 
- 39 Ere GEREN -37-38 
37 es GSTS 3 
PRE -EMERGENCE 
6 . nil 3746, 
25 Ea ME 37-25 
39 ae - [i 37438 
37 ee Creer 37 
TOTAL 
zz GS 374-6 
3 iz GREE 37-25 
36 ES EEE) - 374-39 
37 eae RIES 37 
ie ae Sy a a og 
WILT PERCENT WILT PERCENT 


Text-Fic. 6. Virulence of Fusarium scirpi Lamb. et Fautr. (isolate 6) ; 
F. semetectum Ber et Rav. vy. majas. Wr. (isolate 25); F. lateritium Nees v. unci- 
natum. Wr. (isolate 37); and F. scirpi. Lamb. et Fautr. (isolate 38) singly and in 
combination (37 plus 6; 37 plus 25 and 37 plus 38). ) 
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fluctuated when pre-emergence, post-emergence and total wilt are com- 
pared (Table IV and Text-Fig. 7). 


TABLE IV 
Varietal test, pre-emergence, post-emergence and total wilt analyses 


Pre-emergence disease Post-emerg ence disease Total wilt 
Variety ——— 

Total* Mean | Total* Mean | Total* | Mean 
A-Bonny Best .. 280 70-0 | 317 79 +25 370 92-25 
B-Earliana 200 50-0 278 69-5 345 86-25 
C-Golden queen 180 45-0 287 71-75 340 85-0 
D-Marglobe +: 80 20-0 122 30°5 190 47°5 
E-Micado . 220 55-0 290 72-5 350 87°5 
F-Monarch .. 112 28-0 284 71:0 309 77-25 
G-Ox-heart + 140 35-0 179 44-75 260 65-0 
H. Ponderosa -- 130 32-0 272 68-0 290 725 
I-Prichard . 130 32-5 216 54-0 210 70-0 

SE, = 106 S.E. = 592 S.E., = 174 
‘C.D. at5% = 14-8 C.D. at 5% = 35-6 C.D. at 5% = 24-62 


A, E, B,C, G; Hyl, F, DAVE, CyBe By Hi TG) D)| ASE, B,C) tr, a 


* For convenience of calculation the number of plants per replicate is multiplied by 10. 


As per analyses, the order of susceptibility from the most to the 
least is:— 


Total wilt,—Bonny Best, Mikado, Earliana, Golden Queen, 
Monarch, Ponderosa, Prichard, Ox-heart, Marglobe. 


Pre-emergence wilt.—Bonny Best, Mikado, Earliana, Golden Queen, 
Ox-heart, Ponderosa, Prichard, Monarch, Marglobe. 


Post-emergence wilt—Bonny Best, Mikado, Golden Queen, 
Monarch, Earliana, Ponderosa, Prichard, Ox-heart, Marglobe. 


Mode of entry of the pathogen 


From the earlier experiments it is inferred that the disease is more 
of the nature of root-rot than real wilt. To ascertain whether there is 
any particular focus of infection or whether the pathogen makes its 
entry all along the root system, the following experiment was conducted. 
In the experiment on varietal test, using different varieties of tomato, 
all the infected materials were collected and a careful examination of 
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Hd VARIETY 


MARGLOBE = 
OX-HEART 
PRICHARD 
PONDEROSA 
EARLIANA 
MONARCH Sy 
GOLDEN QUEEN 
MIKACO 
BONNY BEST 
relat lana 
are Fe] 
Peas 
Taya 
Ear 
Rea 


POST EMERGENCE 


MARGLOBE 
MONARCH 
PRICHARD 
PONDEROSA 
OX-HEART 
GOLDEN QUEEN 
EARLIANA 
MIKA 
BONNY BEST 


PRE EMERGENCE 


nde 
MARGLOBE ay 
OX-HEART ay 
PRICHARD 
PONDEROSA 
MONARCH 
GOLDEN QUEEN Ss 
EARL ANA ES 
MiC0O ZZ ral 
BONNY BEST 


TOTAL WILT 


Leanne es a er oe oe Se | 
© wILT PER CENT 100 


Text-Fic. 7. Virulence of Fusarium lateritium Nees v. uncinatum. Wr. (isolate 
37) on nine varieties of tomato. 


the root system was made. The different varieties were chosen with 
a view to find out incidentally whether any explanation could be given 
to the variation seen, from the point of view of infection, 


Altogether 100 wilted plants were examined. The plants were 
removed carefully from the soil without damage to the root system 
and washed in running water for 10 minutes. 38 plants were got with 
all the roots intact. 62 plants had some of the root branches broken off 
while removing from the soil. All the plants showed browning of the 
sub-hypocotyl region below the soil. 7 of them had the browning 
higher up above the level of the soil. 29 plants showed browning of 
all the secondary roots at the place of origin on the primary. 63 plants 
showed browning of the secondary roots around the sub-hypocotyl 
region. 8 plants had no browning of the secondary or primary roots; 
these were 3 Mikado, 3 Monarch and | Bonny Best (Table V). All 
the materials were cut and sorted out into pieces with no roots emerging 
and pieces with roots emerging. After surface sterilizing the sections 
with bleaching powder (1/14 aq. sol.) for 10 minutes and rinsing in 
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TABLE V . 


Mode of entry of the pathogen: Isolation of the pathogen from 
the root systems of wilted plants of the nine varieties of tomato 


No. of plants No. of pieces with No. of pieces without 
examined roots emerging roots emerging 
Variety 
Number Number Number Number 
showing |showing no| Number Giving Number giving 
discolour- discolour- plated eee plated Fasccn 
ation ation 
Bonny Best oe 8 1 ; 90 90 78 3 
Earliana | 10 1 80 704d 48 Nil 
Golden Queen -: 12 Nil 115 115 94 Nil 
Marglobe . 10 Nil 125 125 120 Nil 
Mikado cel 7 3 125 125 115 2 
Monarch ee 12 3 105 103 118 Nil 
Ox-heart . 10 Nil 60 60 73 Nil 
Ponderosa ve 12 Nil 84 84 80 Nil 
Prichard ste ll Nil 108 108 92 Nil 


* indicates Isolate 37, Fusarium lateritium Nees y .uncinatum Wr. 


five changes of sterile tap water, they were plated on acidified potato- 
sucrose agar in Petri dishes. Almost all the pieces with root branches 
emerging gave out the fungus, while no fungus was observed in the 
other pieces. This is a clear indication that the pathogen makes its- 
entry through mechanically injured tissues; in this case, through the 
injury caused to the tissues due to the endogenous growth of the roots. 
Text-Fig. 8 shows diagrammatically the places of attack. 


Seed transmission of the pathogen f 


It has been observed by many workers, that some of the Fusaria 
are transmitted through seeds. To ascertain whether such a condi- 
tion is found in the seeds from wilted tomatoes as well as in the com- 
mercial varieties obtained in India, the following experiment was 
conducted. The varieties used were: Bonny Best, Earliana, Golden 
Queen, Marglobe, Mikado, Monarch, Ox-heart, Ponderosa and Prit- 
chard. ' 


Two lots of tomato seeds were.collected from wilted plants from 
Kovilpatti Agricultural Farm and Soundarya Nursery, Madras. From 
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_  Text-Fic. 8. Diagrammatic representation of the root system of tomato show- 
ing the places of entry of the pathogen. The shaded areas indicate the disco- 
louration caused by the pathogen. 


each lot, one set of seeds was surface sterilized with bleaching-powder 
(1/14 aq. sol.) for 10 minutes, rinsed in five changes of sterile tap water 
and plated on acidified potato-sucrose agar. The other set after similar 
treatment was soaked overnight in sterile tap water and the cotyledons 
with the embryo intact were pulled out from the seed coat. These 
‘naked seeds’ were again surface sterilized with bleaching-powder for 
3 minutes and after five changes in sterile tap water, were plated as 
before. Observations were made till the 10th day. Similarly, the 
different varieties of tomato seeds used for the varietal test were also 
examined (Tables VI, VII). : 
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TABLE VI 
Fungi isolated from seeds obtained from wilted plants. Seed coat not 
removed 
No. of seeds yielding 
, No. of seeds y 
Locality ' de 
plated yt Fusarium 
Mucor =e id Rie Fusarium 
gillus tonia 
Kovilpatti “ 280 | 6 6 Nil . 2 0-7 
Soundarya Nursery 340 | 8 9 1 | Nil Nil 
a a a 
TABLE VII : : 
Fungi isolated from seeds obtained from wilted plants. Seed coat 
removed 
No. of seeds yielding 
eee \No. of seeds 2 Yo 
plated Asper- Rigzoe- Fusarium 
Mucor a les hone Fusarium 
Kovilpatti . 180 Nil Nil Nil Nil | Nil 
Soundarya Nursery 250 Nil 2) Nil Nil | Nil 


None of the varieties obtained from the commercial seed merchants 
gave Fusarium on plating. Most of the varieties gave species of Mucor 
and Aspergillus. Seeds from the infected material also showed the 
presence of these two fungi. In one case where the seed coat was not 
removed (from Kovilpatti sample), out of the 280 seeds plated 2 seeds 
gave Fusarium, i.e., (0:7%) which is for all practical purposes very 
negligible. In the case where the seed coat was removed, neither the 
varieties nor the infected materials showed the presence of any Fusa- 
rium, but of course, in the former case, in ox-heart one out of hundred 
seeds plated gave out Mucor sp., and in Golden Queen two out of 
hundred gave out Aspergillus sp., and in the latter case (infected 
material), two out of two hundred and fifty seeds from the 
Soundarya Nursery gave Aspergillus sp. These are considered to be 
accidental contamination rather than real infection. At any rate, 
it appears reasonably certain from the above experiments that the 
pathogen is not carried into the cotyledons or the embryo in the 
infected material. 


DISCUSSION 


_ _ In this study, 37 isolates of Fusarium, from the root systems of 
infected tomatoes in a pathological condition known as ‘Fusarium 
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wilt of tomato’, have been isolated. These isolates have been assigned 
to the different specific ranks of the genus Fusarium, based on the 
classification of Wollenweber and Reinking (1935). 


What is understood by specificity in the case of certain Fusarium 
wilts (Kulkarni, 1934, on cotton wilt) does not seem to apply in the 
case of Fusarium wilt of tomato. On the other hand, widely different 
species are found to occur on diseased tomato roots, a condition similar 
to that observed by Sideris (1924), in the case of wilt of onion. The 
isolation of the causal organisms has revealed that while certain species 
like Fusarium lateritium Nees v. uncinatum Wr. and F. equiseti (Cda.) 
Sacc., are found only in certain localities, a greater number of species 
like F. scirpi. Lamb. et Fautr., F. solani (Mart.) App. et. Wr. v. minus 
Wr., F. solani (Mart.) v. Martii (App. et Wr.) Wr., F. semi- 
tectum. Berk et Rav. v. majus Wr., and F, oxysporum Schlechtendahl, 
are found in the root systems of diseased plants collected from all the 
localities. The morphological and cultural characters of different 
isolates of the same species are very dissimilar, which condition may 
partly be due to the environment. Furthermore, the same species 
obtained from two different localities show the same virulence on the 
suscept or they may appear to have no similarity at all. Similarly, 
different species from the same or different localities may show similar 
reaction on the host. 


A morphological and physiological study of the cultures revealed 
that similarities do occur among divergent species as also dissimilarities 
among similar species. Thus, isolates of Fusarium solani (Matt.) 
vy. Martii (App. et Wr.) Wr., varied in the nature of the colony 
as well as in the radial spread in the same media, and, some of the 
isolates of both Fusarium solani (Mart.) App. et Wr. v. minus Wrt., 
and F. scirpi Lamb. et Fautr., produced normal sporulation in ordi- 
nary media, while others required certain growth substances like Thiamin 
hydrochloride (Table I). 


Comparative pathogenicity tests were conducted with all the 38 
isolates. It was found that all these isolates incited pre-emergence 
disease on tomato, while only some of them incited post-emergence 
wilt. This latter group seemed to affect the crop more than the former 
since transplantation from the nursery bed is commonly practised in 
tomatoes. 


Comparison of pathogenicity and growth characters in pure culture 
of all the isolates showed that there is no consistent correlation between 
the ability to produce wilt and growth characters. For instance, on 
the basis of radial spread, in Fusarium solani (Mart.) App. et Wr. v. 
minus Wr., while isolates 13 to 16 showed pathogenicity proportional 
to radial spread, isolates 29 and 30 showed the same virulence on the 
suscept, although their radial spread was very much different. This 
difference seems to be more pronounced when post-emergence and 
pre-emergence wilts are considered separately. There appears to be 
no relationship between the type of growth of the fungus and patho- 
genicity—both fluffy and slimy types producing the same percentage 
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of infection as in isolates 29 and 30; or differing in virulence as in 
isolates 14 and 16. But, here, considering pre-emergence disease alone, 
the more fluffy the fungus, the greater appeared to be the disease per- 
centage. 


Isolate 37, Fusarium lateritium Nees v. uncinatum Wr., and isolate 
38, Fusarium scirpi Lamb. et Fautr., are almost equally pathogenic, 
the former being the most virulent of the 38 isolates. Those which 
incite no post-emergence wilt may alter the virulence of the post- 
emergence wilt inciting group when in association with the latter, as 
seen from the mixed inoculation experiment. Thus, it is possible that 
the variations seen in the pathogenicity in different soils despite the 
presence of a common pathogenic form, is due partly to the ineffectuality 
of the pathogen to incite disease in certain combinations with other 
isolates. The resultant death of the host is to be attributed in such 
cases to the combined action of different Fusaria present in the soil 
and to any specific species. 


Since the causal organism, Fusarium bulbigenum Cke. et Mass. 
v. lycopersici (Brushi) Wr. et Rg., described by many workers as taking 
part in the tomato wilt, was not encountered in the localities studied in 
South India, a varietal test was conducted with the most virulent isolate, 
Fusarium lateritium Nees v. uncinatum. Wr. (isolate 37). None of 
the commercial varieties of tomatoes tested seemed to show any resis- 
tance to the pathogen, although a certain amount of resistance was 
noticed in Marglobe variety compared to the others. J 


In India, where no work on Fusarium wilt of tomato has 
been done so far, it appears reasonable to conclude that the pathogen 
is not seed-borne as indicated by the isolation of the fungus from seeds 
of the commercial varieties. It is of particular interest to note that 
even seeds from infected plants very rarely yielded any species of 
Fusarium on the culture plates. 


SUMMARY 


37 Isolates of Fusaria were obtained from wilted tomato plants 
collected from various localities in South India. Cultural characters 
of all the isolates were studied and compared with those of Fusarium 
bulbigenum Cke. et Mass. v. lycopersici (Brushi) Wr. et Rg., got from 
Baarn. The isolates were identified according to Wollenweber and 
Reinking’s classification. Fusarium bulbigenum Cke. et Mass. v. lyco- 
persici (Brushi) Wr. et Rg., was not found to occur in the localities 
studied in South India. Comparative pathogenicity of the 38 isolates 
on Bonny Best variety of tomato indicated that isolate 37 (Fusarium 
lateritium Nees v. uncinatum Wr.) was the most virulent and isolate 
34 [Fusarium solani (Mart.) v. Martii (App. et Wr.) Wr.] the 
least virulent. Pathogenicity varied with the planting of the seeds 
i.e., the incubation the fungus had in the soil prior to planting the seeds. 
21 and 28 days’ incubation appeared to reduce the wilt percentage in 
green-house experiments, while, when the seeds are planted the same 
day as the inoculum is lowered, the wilt percentage appeared higher. 
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Mixed inoculation of the most virulent pathogen with the other iso- 
lates of Fusaria indicated that in each case, the wilt percentage varied, 
but no prediction of the virulence of the mixed inoculum could be made 
on the basis of virulence of the individual isolates. None of the 
varieties of tomatoes showed any marked resistance to the most virulent 
pathogen; infection being usually through the places of emergence 
of rootlets. The pathogen is not seed-borne. 
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FACTORS AFFECTING VARIABILITY IN 
CEREAL RUST REACTIONS: 
A REVIEW* 


- By T. N, SHUKLA 
Section of Plant Pathology, Department of Agriculture, U.P., Kanpur. 


(Received for publication on February 3, 1954) 


Ir has long been known that environment is very important in the 
development of cereal rusts. As early as 1914, Stakman (1914) observed 
that conditions that favour the normal growth and development of 
the host also favour the development of the rust fungi. Later, in their 
detailed studies on the biologic forms of Puccinia graminis on cereals 
and grasses, Stakman and Piemeisel (1917) concluded that “The rate 
of development of a given biologic form depends on the vigour of the 
rust strain, the kind, and sometimes the age of the host, the amount 
of light, heat and humidity.” In further studies of ecological factors 
that are important for stem rust infection, Stakman and Levine (1919) 
reported that conditions unfavourable for the host were also unfavourable 
for the parasite. Sufficient moisture and sunlight were indispensable 
for the best growth of the rust, and the optimum temperature for the 
rust development was 66-5° to 70° F.. 


Stem rust epidemics in the Upper Mississippi Valley of the United 
States depend not only on the kind and amount of stem rust inoculum 
and the kind and condition of the cereal crop but also on weather 
conditions prevailing during the growing season. Stakman and 
Lambert (1928), who studied the relation of epidemics in the spring 
wheat region of the United States to temperature during the months 
of May, June and July for the growing seasons 1904-25 inclusive, 
found that there was ‘‘a tendency for destructive epidemics to develop 
in warm growing seasons and for cool seasons to be comparatively 
free from rust”. In a later report on the role of weather in stem rust 
epidemics, Lambert (1929) again noted a correlation between warm 
growing seasons and stem rust epidemics, and he figured odds of 6 to | 
that the correlation was not due to chance. The destructive wheat 
stem rust epidemic of 1935 in United States of America also was 
aggravated by hot and humid weather in the presence of abundant 
inoculum of race 56 which destroyed particularly the Ceres wheat 
(Stakman, 1947). 


The occurrence of stem rust epidemics is particularly dependent 
on the length of incubation period of the rust. If it is short the number 
of successive uredial generations will be large and thus more inoculum 


* This review was prepared under the guidance of Drs. E. C, Stakman and 
Helen Hart of the University of Minnesota, U.S.A. Sincere thanks are due to 
them for going through the manuscript and making valuable suggestions. 


74 _T. N. SHUKLA 


will be produced. On the other hand, if it is long, the number of 
successive uredial generations will be decreased and thus less inoculum 
will be produced. In controlled experiments, Peltier (1923) observed 
that temperature affected the rate of rust development. At low tempera- 
tures the period of incubation was lengthened. For example, at 10°C. 
the incubation period was 18 days whereas at 25°C. it was only eight 
days. He further noted that no uredia developed for seven weeks on 
seedlings inoculated and maintained at 5° C. but when they were trans- 
ferred to about 23°C. uredia appeared one week after the transfer. 
Stakman and Levine (1919) observed that for every rise of 10° above 
70° F..the incubation period was shortened by one day and for every 
fall of 5° below 66-5° F. it was lengthened by one day. Mehta (1923) 
also found that temperature affected the length of the incubation 
period. He observed that at an average of 40° F. the period of incuba- 
tion was 21 to 22 days while at an average of 66:5° F. it was only 
8-9 days. More recently Rodriguez (1945) working with Little 
Club, Marquis, Reliance, Mindum and Kubanka wheats and stem 
rust races 19, 38, 59 and 59 A, observed that the incubation period 
was shortest at high temperatures and longest at low temperatures. 


Melander (1935) found that race 15 of Puccinia graminis tritici 
did not produce uredia on the differential wheat varieties kept for 80 
days at 0° to 1°C. When these plants were transferred to 20°C., 
however, uredia were produced on the eighth day following the transfer. 
On the basis of his results he concluded that the parasite can withstand 
as low a temperature as the host can endure, thus confirming the pEryions 
findings of Stakman and Levine (1919). 


Peltier (1923) observed that temperature did not appreciably change 
the infection types produced by races 3 and 9 of P. graminis tritici on 
the standard set of differential wheat varieties. Rodriguez (1945) 
found that infection types were changed somewhat at different tempera- 
tures but he observed no change from resistance to susceptibility or 
the reverse. 


Qualitative changes in rust with various environmental influences 
were reported in 1929 by Waterhouse (1929) in Australia. He observed 
that the reactions of some of the durum wheats to certain races of stem 
rust varied with the time of the year when the wheats were tested. 
A variety might be susceptible to a particular race in summer, and might 
be resistant to the same race during winter. Johnson (1931) studied © 
the behaviour of races 29, 30, 32, 38, 48, 86, 87, 89 and 90 of wheat 
stem rust, which normally produce infection types X on Mindum, 
Speltz Marz and Kubanka wheats, and found that these durums were 
resistant at 55 to 60°F. and susceptible at 70 to 75° F., while at an 
intermediate temperature they had a mesothetic (type X) reaction. 


Gordon (1930) found that Joanette strain of oats was resistant 
to race 4 of P. graminis avene at 57-4° F. but completely susceptible 
at 75:4°F, Peturson (1930) obtained similar results with some races 
of P. coronata avene. Three varieties, Green Mountain, White Tartar, 
and Green Russian, were completely susceptible to race 7 at 77° F., 
very resistant: at 70°F., and immune at 57°F. Recently, Ibrahim 
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(1952) found that oat varieties with the Hajira type of resistance were 
resistant to races 6, 7 and 8 of P.graminis avene below 75°F. but 
susceptible to race 6 when kept for three days at 85° F. prior to inocula- 
tion and for three days additional after inoculation. They also become 
susceptible to races 7 and 8 at about 90°F. 


Darley and Hart (1944) found that seedlings and adults of one of 
the Kenya wheats were resistant to several races of wheat stem rust at 
65° and 72°F. but susceptible at 85°F. 


Very high temperature may be injurious to rust development as 
was shown by Johnson and Newton (1937). They showed that Little 
Club wheat was susceptible to race 49 of P. graminis tritici at 55 to 75° F. 
but immune at 95 to 99°F, 


Light as well as temperature can cause variability in rust reaction. 
Johnson (1931) noted that when light intensity was increased, keeping 
the temperature and other environmental variables constant, type 4 
infection was produced instead of type X by certain races of P. graminis 
tritici on certain durum wheats. At low temperature and low light 
intensity infection type 0 was produced but at the same temperature 
with medium and high light intensities infection types X — and X + 
were produced, respectively. Rodriguez (1945) stated that race 38 
of P. graminis tritici produced infection type 1 + + on Marquis wheat 
at low light intensity but produced type 2-++ at high light intensity. 


Similar fluctuation in oat stem rust reaction was observed by 
Hingorani (1947). He found that infection types produced by race 2 
of P. graminis aven@ on the variety Marion were 3+, 3—, and 1+-+ 
at high, medium and low light intensities, respectively. Rodriguez 
(1945) studied the behaviour of races 19, 38, 59 and 59 A of P. graminis 
tritici on Little Club, Reliance, Marquis and Kubanka wheats under 
different light intensities. He found that intensity of light affected 
the length of incubation period, vegetative growth of mycelium, amount 
of sporulation, infection type, amount of chlorosis and necrosis of host 
cells, and secondary rust sporulation. The effect was different for 
different host x race x light intensity combinations. 


Hart and Zaleski (1935) observed that adult plants of Hope wheat 
were susceptible to race 21 of stem rust under reduced light but were 
resistant under bright light. Later, Johnson and Newton (1937) also 
found that adult plants of Hope were susceptible to race 21 of P. graminis 
tritici under shaded conditions and resistant under non-shaded condi- 
tions. However, this was not true inall experiments. 


Bever (1934) stated that the incubation period of Puccinia glumarum 
on barley was shortened by increased length of day. With a day 
length of less than 12 hours the infection type was 4 but it was 0 when 
the day length was 12 hours or more. Roberts (1936) working in 
England found that in February infection type X was produced by 
race 73 of Puccinia triticina on Webster wheat but in March infection 
type 4 was produced which appeared to be related to day length. 


The fact that the application of fertilizers can induce variability 
in amount of rust was observed by Stakman and Aamodt (1924), 
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They reported that protoplasmic resistance and susceptibility of wheat 
were not changed by the application of nitrogenous fertilizers. Morpho- 
logical resistance was slightly altered. The nitrogenous fertilizers 
increased stand and delayed maturity and thus were responsible for 
increased amount of rust. Darley and Hart (1944) studied the effect 
of nutrients on the development of stem rust on wheat. They con- 
cluded that the intection type was generally higher when plants received 
abundant nutrients than at lower nutrient levels, but they observed 
no change from resistance to susceptibility or the reverse. Daly (1949), 
however, found that if 400 p.p.m. nitrate nitrogen was supplied to 
seedlings of Thatcher wheat, race 56 of Puccinia graminis tritici pro- 
duced an infection type X+-+ at 60 to 75°F. rather than its usual 
infection type X. On the other hand, if an equivalent amount of 
nitrogen was supplied as the ammonium ion, race 56 produced infection 
type 0; or 1+. This was not true, however, at 80 to 85°F. He 
further noted that the infection types produced by race 56 on other 
wheat varieties, either very resistant or very susceptible, were not changed 
in whatever form nitrogen was available. 
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THE place selected for this year’s annual botanical excursion was the 
Osman Sagar lake, about 13 miles from Osmania University. About 
15 members participated in this excursion. 


The vegetation of the district away from the lake is decidedly 
xerophytic, as most of the environs of Hyderabad; there are, however, 
a number of plants growing in the neighbourhood of the lake, or in 
places that at some time after the monsoon have been under water 
for a good period. Our collection was mainly concerned with the 
plants growing near the lake, but we had occasion to collect and examine 
plants from drier spots. 


In order to make the following list more interesting, some 
plants have been added which were collected in the grounds of 
Osmania University and from Osmania to Hyderabad and Secunderabad. 


The order followed in this list is the same as that of Hooker in 
Flora of British India, or that of Cooke in Flora of the Presidency of 
Bombay. Some of the more commonly cultivated plants have been 
included, especially those that seemed to be more widely spread in the 
neighbourhood of Hyderabad. 


As regards the names of the plants, they have been adjusted to 
the latest findings of botanical nomenclature; there is a point, how- 
ever, where for the time being we must be deficient: I refer to the 
complications caused by paragraph 3 of Article 42 of the new Interna- 
tional Code of Botanical Nomenclature. According to the new rule, 
many of the names of our plants have to be attributed to authors other 
than the traditional ones; but for the time being it is altogether impossi- 
ble to find out who the real author of a particular name is, at least in 
many cases (on this point see Ind. For., 79: 611-13, 1953). 


Anonaceze 


1. Polyalthia longifolia Benth. & Hook. f. 
Planted along streets and roads; not seen wild. 
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Menispermaceze ; 


2. Cocculus hirsutus (Linn.) Diels. 


Cocculus villosus DC. 


In flower and fruit, climbing over small shrubs near 
Osman Sagar. Not abundant. 


Nympheacee 


3. Nymphea sp. (pubescens Willd ?) 


White flowered plant, in Landscape Gardens, in water 
tank, 


Papaveraceze 


4. Argemone mexicana Linn. 
In flower, along roads, and in waste lands. 


Capparidacee ~ 


5. Capparis sepiaria Linn. 

In fruit; climber; near Osman Sagar. 
6. Cleome viscosa Linn. 

Dry plants in fruit, on waste lands. 


Flacourtiaceze 


7. Flacourtia ramontchi L’Herit. 
Small, erect trees, in flower, practically leafless. 


Caryophyllacez 


8. Polycarpea corymbosa Lamk. 


Abundant in fruit in dry land in Osmania University 
grounds. Occasional near Osman Sagar. 


Malvacez 


9. Hibiscus micranthus Linn. f. 
Up to 1:5m. high, flowers white, fruits present; in 
dry ground near Osman Sagar. 
10. Hibiscus rosa-sinensis Linn. 
Cultivated in gardens; common in flower. 


11, Sida acuta Burm. 
In dry lands, in fruit, occasionally in flowers. 
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Sterculiaceze 


12. Waltheria indica Linn. 


Remarkable plants on account of their size, up to | m. 
high, and the dense inflorescence all along the axils; branch- 
ing is rather extensive for this plant, 


Tropeolacee 
13. Tropeolum maius Linn. 


A very showy plant, cultivated in borders in Landscape 
Gardens. 


Malpighiacez 
14. Aspidopteris sp. (cordata Juss ?) 


Climber over shrubs at Osman Sagar; in leaf and bud. 
Rare. 


Zygophyllacez 
15. Tribulus terrestris Linn. 
In flower and fruit, in Osmania University grounds; rare. 


Meliacez 


16. Azadirachta indica Juss. 
The Nim tree, very commonly planted along roads. 


Celastraceze 
17. Gymnosporia spinosa (Forsk.) Fiori. 
Gymnosporia montana Benth. 


Shrub, fairly common on dry rocky ground near Osman 
Sagar. In leaf only, with plenty of spines. 


Rhamnacez 
18. Zizyphus mauritiana Lamk. 
Z. jujuba.Lamk., non Mill. 


Our plant, known in our floras under the name of 
Z. jujuba Lamk. should be called Z. mauritiana Lamk. 
Lamark published his name jujuba in 1789; but Lamark’s 
name is a later homonym of Miller’s Z. jujuba 1768; Miller’s 
plant has leaves which are glabrous on the underside, and 
is not found, at least as far as the present writer’s knowledge 
goes, in peninsular India. 
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_ Anacardiacee 


19. Mangifera indica Linn. 


Apparently cultivated in gardens or orchards and along 
roads; a few trees were loaded with flowers, most of them, 
however, did not show anything but leaves. 


Moringacex 
20. Moringa oleifera Lamk. 


M. pterygosperma Gertn. 
Cultivated in gardens; in flower and fruit. 


Papilionacee 


21. Abrus precatorius Linn, 
In leaf and dry dehisced fruits; near Osman Sagar; rare. 
22. Cicer arietinum Linn, 


Saw a few fresh plants on the road near Osman Sagar. 
Cult. 


23. Crotalaria verrucosa Linn. 


_ Occasional in moist ground near Osman Sagar; flowers 
are bluish purple or lilac. Small plants in flower. 


24. Erythrina variegata var. orientalis Merr. 
Cultivated; a few buds, plenty of leaves. 
25. Heylandia latebrosa DC. 
Prostrate, in open dry ground; occasionally in flower. 
26. Indigofera hirsuta Linn. 
Erect, with stout, hairy, deflexed fruits; rare. 
27. Indigofera linifolia Retz. 
Prostrate, large plants in fruit and leaf. 
28. Pongamia pinnata Pierre. 
Pongamia glabra Vent. 
Planted along roads; in leaf and fruit. Common. 
29. Sesbania bispinosa Fawc. & Rend. 
Sesbania aculeata Poir. 
Only one plant seen near Osman Sagar; in flower and 
fruit. 
30. Sesbania sesban var. picta Santapau 


Sesbania egyptiaca var. picta Prain. 
There was one large clump of plants up to 2-5 m. high 
in flower (rare), and fruit and leaf. In moist spot at Osman 
Sagar. 


82 - H, SANTAPAU © 
Cesalpiniacee 


31. Cassia auriculata Linn. 


Shrubby, erect, up to 1m. high; in flower and fruit 
and leaf. In open dry fields near Osman Sagar. 


32. Cassia sp. (javanica ?) 
Small tree in fruit and leaf, in garden at Osman Sagar. 


33, Cassia occidentalis Linn. 


Common and gregarious in dry waste land near 
Hyderabad. 


34. Cassia pumila Lamk.? 


Small prostrate or suberect plants, in fruit; at Osman 
Sagar. | 


35. Cassia tora Linn. 


Abundant dry plants in fruit, leaflets, in Osmania Uni- 
versity grounds. 


36. Delonix regia Boj. 
Poinciana regia Boj. 
In fruit; in garden at Osman Sagar. 


37. Tamarindus indica Linn. 
Commonly planted along roads, etc. In leaf and fruit. 


Mimosacee 


38. Acacia arabica Willd. vie, 
In leaf and fruit; small trees. Osman Sagar. 
39. Acacia ferruginea DC, 
In leaf and fruit; rare. Osman Sagar. 
40. Acacia pennata Willd. ; 
In leaf and fruit; Osman Sagar, Scandent. 
41. Albizzia lebbeck Benth. . 
In fruit; in garden at Osman Sagar. 
42. Mimosa hamata Willd. 


Large shrubs or small trees; in fruit; Osman Sagar. 
In dry ground. 


43, Parkia (biglandulosa 2) 
Large tree in fruit and leaf, in garden; Osman Sagar. 


44, Samanea saman (Jacq.) Merrill. 


Pithecolobium saman Benth. 
Planted in garden, Osman Sagar. 
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Crassulaceze 


45. Kalanchoe verticillata Elliot. 


t, Planted in garden, at Osman Sapie. Bailey in Man. 
Cult, Pl., p. 467 describes the plant thus: ““Glabrous peren- 
nial, with simple erect stems, to 3 feet high or more; leaves 
long-linear, subcylindric mottled with violet-brown, 1-6 inches 
long, producing plantlets at the tips; flowers salmon to scarlet, 
pendulous, | inch long, in terminal cymes. S. Afr.—A 
desirable pot-plant for the showy flowers which develop in 
winter.” This is the plant that sometimes is known under 
the name of Kalanchoe cylindrica. In Bombay the plant very 
rarely flowers; at Osman Sagar it was in leaf only, 


Combretacee 
~ 46. Terminalia catappa Linn. 

Planted in gardens; in leaf and fruit. 
Myrtacee 


47. Melaleuca hypericifolia Smith. 
Cultivated in gardens; abundant in Landscape Gardens. 


This is the plant sometimes known as M. leucadendron; the 
real M. leucadendron has cream white flowers; M. hyperici- 
folia has flowers in long spikes, rich red in colour. 
Caricacee 
48, Carica papaya Linn, 
Very frequently cultivated for its fruit. 
Cucurbitacee 


49. Coccinia indica Wt. & Arn. 
In hedges, in flower and fruit. = 
Cactacee 
50. Opuntia sp. 
Cultivated or escape; bright yellow flowers. 
Molluginacee 


51. Mollugo pentaphylla Linn. 
Erect or suberect; common in waste lands. 
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Alangiacee 


52. Alangium salvifolium (Linn. f.) Wang. 


Alangium lamarckii Thw. 
Large shrub or small tree, at Osman Sagar. Leaves 
only. Rare. 


Rubiacez 


53. Anotis fetida Benth. & Hook. f. 
Abundant and gregarious in moist soil. 


54. Ixora coccinea Linn. 
Cultivated in garden, in flower. 


55. Pavetta sp.? 
Shrub about 1-5 m. high, with white flowers and large 


leaves. At Osman Sagar, rare. 


Composite 


56. Ageratum conyzoides Linn. 
In moist spots at Osman Sagar. Flowers white. 


57. Lagascea mollis Cav. 
Dry plants, some with flowers; in dry spots at Osman 
Sagar. Abundant and gregarious. 


58. Tridax procumbens Linn. 
Occasional in. flower in dry spots at Osman Sagar. 


59. Vernonia cinerea Less. 
Small plants in flower, near water at Osman Sagar. 


60. Launea or Lactuca? 
Small plants with pale yellow flowers, in moist spots. 


Sapotace 


61. Achras sapota Linn. 
In fruit; cultivated in gardens at Osman Sagar. 


Apocynaceze 
62. Plumeria rubra f. acutifolia Woods. 
Plumeria acutifolia Poit. 

Cultivated in gardens at Osman Sagar. 

63. Cryptostegia grandiflora R. Br. 
Cultivated as a hedge plant at Osman Sagar; in flower. 

64. Allamanda cathartica Linn. 
Cultivated, in flower. 
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Asclepiadacee 


65. Calotropis gigantea R. Br. 


Common in flower in dry ground; occasionally with 
white flowers. 


Gentianaceze 


66. Hoppea dichotoma Willd. 


In very moist ground, among tall plants of the Cyper- 
acee. In flower and fruit. Gregarious. 


Boraginacee 


67. Trichodesma africanum R. Br. 


Up to 1:5 m. high, in flower and fruit; common on 
rocky ground near main dam at Osman Sagar. 


Convolvulacez 


68. Ipomea aquatica Forsk. t 
Floating on surface of main lake at Osman Sagar. 


69. Ipomea cairica (Linn.) Sweet. 


Ipomea palmata Forsk. 
Cultivated in hedges in gardens; in flower. 


70. Ipomea eriocarpa R. Br. 

Dry plants in fruit and leaf; I have checked this plant 
with the photograph of an authentic specimen in Kew Her- 
barium, and am satisfied about the identity of the present 
plant. 

71. Ipomea learii Paxt. 
Cultivated in Landscape gardens; plenty of flowers. 


72. Ipomea nil Roth. 


_Ipomea hederacea auct., non Jacq. 
Dry plants in fruit; its calyx is very distinctive. Our 
Indian plant is quite different from the American J. hederacea 
Jacq. 
73. Ipomea pes-tigridis Linn. 
Dry plants in fruit at Osman Sagar. Common. 
74. Jacquemontia cerulea Chois. 
An elegant climber with small blue flowers, cultivated. 


75. Merremia tridentata (Linn.) Hall.? 


Prostrate plant, with tridentate leaves at apex; in fruit; 
common in dry ground at Osman Sagar. 


86 HH. SANTAPAU 


Solanacez 


716. Datura innoxia Mill. 


Datura metel Sims. et auct. Ind. passim, non Linn. 


This plant in our floras goes under the name of D. metel, 
but wrongly, as has been shown by Safford repeatedly and 
by the present author in the Journ. Bombay Nat. Hist. Soc., 
47: 657 seq. Occasional in waste lands, in flower and 
fruit. 


717. Nicotiana tabaccum Linn. 


Cultivated in some fields just outside Hyderabad along 
the railway line; in flower. 


78. Solanum xanthocarpum Schl. 
In flower, in waste lands. 


Scrophulariacez 


79. Bacopa monnieri (Linn.) Pennell. 
Moniera cuneifolia Michx. 
In marshy ground at Osman Sagar, gregarious. 
80. Russelia equisetiformis Schl. & Cham. 
Russelia juncea Zucc. 
Cultivated in garden at Osman Sagar, in flower. 


Bignoniacee 
81. Millingtonia hortensis Linn. f. 
In gardens, at Osman Sagar; a moderate tree. 
82. Spathodea campanulata Beauv. 


Very showy, with plenty of flowers; cultivated every- 
where for its flowers. 


83. Tecoma stans Juss. 
Small tree in Landscape Gardens, in flower. 


Martiniaceze 


84. Martinia annua Linn. 
Martinia diandra Glox. 
In waste lands, in flower or fruit; occasional only. 


Acanthaceze 


85. Andrographis echioides Nees. 


_Saw a few plants in fruit on old walls in Osmania 
University grounds. Not common, 
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86. Andrographis paniculata Nees. 
A few large plants in flower and fruit on rocky ground 
at Osman Sagar. 
87. Blepharis sp. 
In dry ground at Osman Sagar and in Osmania University 
ground. 
88. Dipteracanthus beddomei (Clarke) Santapau, Comb. noy. 


Ruellia beddomei Clarke in Hook. f., Fl. Brit. ind., 4: 413: 1884. 

Very near R. suffruticosa Roxb., but the size of the corolla 
(over 8cm. long) distinguishes the present species from 
Roxburgh’s plant. The corolla is creamy white and hairy 
outside on the tube. At Osman ae in rocky ground. 

89. Justicia gendarussa Burm. 

Cultivated in gardens at Osman Sagar as a hedge or 

border plant. In leaf only. 
90. Justicia sp. (near simplex) 

Small prostrate plant in Here ean railway station; 
the plants could not be collected on account of the station 
fence. In flower and fruit. 

91. Lepidagathis cristata Willd. 

Common in waste lands at Osman Sagar and in Osmania 
University grounds; inflorescence radical, hairy; flowers 
and fruits. 


Verbenaceze 


92. Duranta repens Linn. 
Duranta plumieri Jacq. 
In fruit; cultivated as a hedge plant in gardens. 
93. Lantana camara Linn. var. flava Mold. 
Common in gardens, with bright yellow flowers. Culti- 
vated. 
94. Lantana camara Linn, var. nivea Bailey? 
Cultivated in gardens, with pure white flowers. Very 
showy. 


Labiate 
95. Salvia coccinea Juss. 
Cultivated in gardens for its showy flowers. 


96. Hyptis suaveolens Poit. 
In fruit, dry plants, in waste lands at Osman Sagar. 
Not common. — 
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97, Anisochilus carnosus Wall.? 


Erect herb, dry but with remains of inflorescence; 
common and abundant at Osman SEAN, in rocky places 
below the main dam. 


Nyctaginacee 


98. Boerhavia diffusa Linn. 


Along paths and on rocky ground at Osman Sagar, 
on rocky ground at Osmania University grounds. 


99. Bougainvillea sp. (spectabilis Willd.?) 
Commonly cultivated in gardens. 


Amarantacee 


100. Achyranthes aspera Linn. 


On rocky ground, common; leaves dry; inflorescence 
present. 


101. Alternanthera repens (Linn.) Steud. 


At Hyderabad railway station, in flower and fruit; 
prostrate. 


102. Celosia argentea Linn. 

Common, but mostly dry; in waste lands. 
103. Nothoserva brachiata Wight. 

Occasional in Osmania University campus, in flower. 
104. Pupalia lappacea Moq. ; 

Common in waste lands, in fruit, leaves dry. 


Proteacez 


105. Grevillea robusta Cunn. 
The Silver Oak; planted in gardens; in leaf only. 


Loranthaceze 


106. Dendrophthoe falcata Ettings. 
Loranthus longiflorus Desr. 


In flowers; parasitic on cultivated unidentified tree in 
garden at Osman Sagar. 


Euphorbiacee 


107. Euphorbia hirta Linn. 
Euphorbia pilulifera auct., non Linn, 


In waste lands, on the steps at Osthan Sagar; abundant 
in O.U. campus. 


mrt. 
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108. Euphorbia prostrata Ait. 


This plant is not mentioned in Cooke’s Flora; common 
and rather abundant on paths at Osman Sagar. 


109. Euphorbia pulcherrima Willd. 


This is the plant often known under the name of Poin- 
settia pulcherrima, Cultivated in gardens in O.U. campus. 


110. Euphorbia tirucalli Linn. 
Cultivated as a hedge plant. 
111. Jatropha gossypifolia Linn. 


In flower and fruit, in rather dense clumps, along the 
shores of Hussein Sagar near the railway line. 


112. Kirganelia reticulata Baill. 
Phyllanthus reticulatus Poir. 
On the shores of Hussein Sagar, along the railway line. 
113. Phyllanthus niruri Linn. 
Occasional in fruit. 
114. Phyllanthus sp. 


A fairly common plant at Osman Sagar, in waste lands; 
it is near P. simplex and P. maderaspatensis. _ For certain 
identification better specimens are required, which could not 
be collected at the time of our excursion. 

115. Ricinus communis Linn. 


Frequently cultivated near homes; also seen as an 
escape near Osman Sagar. Inflorescence is green as usual, 
or more often deep red or purplish. 


Urticacee 


116. Pilea muscosa Lindl. 
Cultivated at Osman Sagar gardens as a border plant. 


Moracee 


117. Ficus bengalensis Linn. 
Commonly planted near roads. 


118. Ficus religiosa Linn. 
Cultivated along roads and in city streets. 
Casuarinacee 


119. Casuarina equisetifolia Linn. 
Cultivated, in fruit. Common. 
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Cycadacee 


120. Cycas revoluta Thunb. 
Cultivated in gardens. 


Hydrocharitacee 


121. Hydrilla verticillata Pres}. 
Abundant at Hussein Sagar, submerged or floating. 


122. Valisneria spiralis Linn. 
Very abundant in talao below dam at Osman Sagar. 
Musacez 


123. Musa sapientum Linn. 
Cultivated. 


124. Ravenala madagascariensis Sonn. 
Cultivated in gardens in Hyderabad. 
Cannacee 


125. Canna sp. (flaccida?) 

Cultivated in garden at Osman Sagar. This plant is 
commonly known as C. indica, but the real C. indica is rare 
in gardens. 

Liliacez 
126. Sansevieria sp. 
In flower; cultivated; leaves broad, mottled. 
Agaveacee 
127. Agave sp. 
Common in hedges, in leaf only. 
Pontederiacee 
128. Eichornia crassipes Solms. 
Abundant in flower and leaf at Hussein Sagar. 
Commelinacee 


129. Cyanotis sp. 
A gregarious plant, at the time of our excursion dry or 
nearly so. Possibly C. cristata. 
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130. Borassus flabellifer Linn. 


Common in Hyderabad; the plant is commonly tapped 
for Nira or Toddy. 


131. Caryota urens Linn. 
Occasional, possibly planted. 
132. Cocos nucifera Linn. 
Cultivated in the outskirts of Hyderabad. 
133. Oreodoxa regia H.B. & K. 
Cultivated in gardens in Hyderabad. 
134. Phenix sylvestris Linn. 
Along the railway line, fairly common in leaf. 


Typhaceze 


135. Typha sp. 


Growing in dense patch in marshy ground at Osman 
Sagar below the main dam. Up to 1-5 m. high. 


Aracee 


136. Raphidophora pertusa Schott. 


Large climber on trunks of trees in garden at Osman 
Sagar. 


Naiadacee 


137. Potamogeton sp. 


Seems to be near P. indicus; abundant in leaf in talao 
at Osman Sagar. 


Eriocaulacee 


138. Eriocaulon sp. 
Common in moist ground below Osman Sagar main dam. 


Cyperacee 


140. Cyperus sp. (iria Linn.?) 


Abundant in marshy ground at Osman Sagar, in dense 
clumps. 


141. Eleocharis atropurpurea Kunth.? 
Common in marshy ground at Osman Sagar. 
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Graminez 


142. Aristida sp. 
Common on rocky ground below dam at Osman Sagar. 
143. Cymbopogon martini Wats. 
Large clumps on rocky ground at Osman Sagar. 
144, Eulalia sp.? 
Common at Osman Sagar. 


145. Oryza sativa Linn. 
___ Commonly cultivated in river bed at Hyderabad, under 
irrigation. 
146. Tripogon sp. 
Dry plants, common on rocky ground at Osman Sagar. 
Near T. jacquemontii. 


Marsileaceze 


147. Marsilea quadrifolia Linn. 
Common at Osman Sagar in marshy ground; with 
plenty of fructifications. 


ACKNOWLEDGEMENTS 


In the compilation of this list I have received much help from 
Prof. M. Sayeeduddin, the Principal, College of Science, Osmania 
University, who undertook the pressing of the plants collected during 
our outing; I am happy to acknowledge my indebtedness to him and 
to his staff. 


POLLINATION MECHANISM IN ACACIA 
CATECHU 


By H. 8S. Rao, D.Sc., F.B.S. 


Forest Research Institute, Dehra Dun 
(Received for publication on February 15, 1954) 


IN the summer of 1951 an attempt was made to hybridize Acacia catechu 
with A. decurrens and A. mollissima. The idea was to bring about a 
hybrid between the latter two tannin-yielding Australian wattles which 
are successfully grown only at higher elevations on South Indian hills 
with the North Indian Acacia catechu of lower elevations. It was 
attempted to do the crossing at Dehra Dun using pollen of the wattles 
sent by post from the Silviculturist, Madras. 


Elaborate emasculation and pollination in the summer of 1951 
‘met with no success. Another attempt in 1952 gave no better results, 
Even bagging inflorescences of Acacia catechu resulted only in a drop- 
ping of the spikes and flowers, and no self-pollinated fruits set. The 
dropping of flowers may not have been entirely due to the conditions 
inside the paper bag, judging from the great percentage of normal failures 
to set observable in the species. The spike consisting of several 
hundreds of flowers normally develops only one to five pods, and not 
all the spikes set fruit. The adverse effect of merely bagging the flowers 
in tree species has been repeatedly met with in Dehra Dun during the 
past three years. Such a behaviour is, however, not unknown in tree- 
breeding work. Toxopeus (1952) met with the same effect in his work 
on breeding Derris elliptica and D.malaccensis. Philp and Sherry 
(1946) observed 30% reduction of pods when enclosed in bags com- 
pared with 20% reduction in natural open pollination. The closed 
atmosphere within the bag would appear to favour absciss-formation 
and flower drop. The process of emasculation in Acacia catechu 
damages the flower buds rather harshly. The scores of anthers in 
each bud have to be removed under the dissecting microscope while 
the spikes are held in position on the stage by fastening the branches 
with string and clamping the spikes under wads of cotton. However 
gentle the operation, the damage to the small turgid buds is great and 
the removal of hundreds of them on each spike leaving only as many 
as convenient to emasculate does considerable damage to the spike 
asa whole. Moreover, the season when this can be done is oppressively 
hot and humid, is ruinous to buds whose tender parts are dissected 
out. The South African workers in their attempt to hybridize wattles 
(Philip and Sherry, 1949) did not do emasculation at all but directly 
used the desired pollen material on the protruding stigmas and took 
a chance to obtain a few hybrid seeds, whose hybridity was detected 
only in the seedling stage. 
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The transport of wattle pollen from South India* in the hot 
humid months of June to July offers another difficulty. Flower heads 
were, however, placed in cloth or paper bags in bottles with calcium 
chloride at the bottom. The flowers arrived no doubt in a dry condi- 
tion, but the time taken in transit was about a week by surface-post, 
during the hottest part of the year. The pollen as received was not - 
tested for viability on artificial media as we got busy with the emascula- 
tion of Acacia catechu, but judging from the pollen germination studies 
with stored pollen of Acacia catechu itself which lost viability within 
a week, itis probable that wattle pollen transport for a week under un- 
refrigerated conditions kills the pollen. 


Before attempting further hybridization using transported pollen 
the phenomenon of the excessive sterility of Acacia catechu flowers 
drew our attention. Summer of 1951 was a fairly good season for 
fruit-set in this species in New Forest; but 1952 was a nearly total 
failure. This indicates what excessive wastage occurs in nature, and 
the tree-breeder who can emasculate and pollinate only a small number 
of flowers is taking a great chance. This is true of many forest tree 
species. 


Not deterred by the failure to make successful hybridizations, 
our attention was focussed on the pollination mechanism in Acacia 
catechu. It is an insect pollinated species, bees being the chief inte1- 
mediaries. More interesting was the structure of the anther and stigma 
in,relation to pollination. The anther bears initially two and often 
only one characteristic stipitate gland arising from the connective and 
borne on a long filamentous stalk. The gland when mature excretes 
a glistening yellow sticky fluid and loosely dangles about the anther. 
The developmental stages of the stipitate glands are illustrated in 
Figs. | to 12. At the mature stage of the gland the cells composing 
it form a loose mass (Fig. 19) the surface of the cells being corrugated 
and charged with a sticky secretion to which the pollinia readily adhere. 
The two anther sacs contain four pollinia in each chamber. No loose 
pollen grains are found, but they are aggregated into regular pollinia 
masses each composed of sixteen pollen cells. Under the microscope 
they appear as pretty, regular-shaped, yellow aggregates. With slight 
pressure on the anther the eight pollinia quickly come out through the 
split-openings in the anther wall and lie around on the surface of the 
empty anther, readily sticking to the stipitate glands. The merest 
touch of a slide over a flower will easily pick up numerous pollinia and 
the heads of the stipitate glands which also are easily detached when 
mature. We have not observed whether the visiting bees carry away 
with them both the pollinia and the glands, but it appears almost 
certain. 


The stigma in Acacia catechu.is appropriately shaped to receive 
the pollinia (Figs. 14, 21, 23). The tip is formed as a receptive bowl 
in which two or three pollinia can conveniently come to rest. 


*T am grateful to Mr, V. S. Krishnaswami, I.F.S., for op Recs for. the 
supply of desiccated pollen, ei ‘for the keenness evinced in this w 
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Fics. 1-10 
Fics. 1-10, Stages in the development of the stipitate glands, x 365, 


Fics. 11-13 


Fics. 11-12. Stages in the development of the stipitate glands, x 365 
Fic. 13. Anther with two stipitate glands, x 65. 


Fics. 14-19 
Fig. 14. Stigma with one pollinium, x 365. Fig. 15. Pollinia squeezed 
out of young anther, x 65. Fig. 16. Stipitate glands and pollinia, x 365. 
Fig. 17  Undehisced anther with 4 pollinia in each sac, x 65. Fig. 18. 
Arrangement of pollen cells composing pollinia, x 365. Fig. 19. Mature gland. 
Note the corrugated cell walls, x 365. 
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: Fics. 20-24. : “ Aut 
_ Fig. 20. Pollen cells of a pollinium Squashed apart by maceration, x 450. 
Fig. 21, Stigma with two pollinia, x 340. Fig. 22, Dehiscence of anthers 
by split openings, and 8 pollinia, x 65. Fig. 23. Stigma with 1 pollinium, 
x 340. Fig. 24. Pollen tubes radiating from pollinium on germination on 
agar-gelatin-sugar media, x 365. 
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We were curious to investigate whether all the sixteen pollen cells 
composing the pollinium function as normal pollen or whether only 
some are viable. The pollinia were germinated on artificial agar- 
gelatin-sugar (-5%, 5%, 20%) media in hanging drop cultures and we 
were duly rewarded with the germ tubes growing in all directions one 
from each cell of the pollinia (Fig. 24). 


The author has examined anthers of Acacia chundra and A. decur- 
rens and has found almost identical looking pollinia. In the dry 
material it was not possible to find the presence or behaviour of the 
Stipitate gland. Stipitate glands on anthers were also found by the 
author in a casual examination of Dichrostachys nutans, another 
member of Leguminose. 


In conclusion it may be stated that in undertaking tree-breeding 
work one is often confronted with numerous practical difficulties. 
-Some of them may be mentioned: the worker has to reach flowers 
which are often high above the ground, and requiring variable height 
platforms to be set up. With minute-flowered species the emascula- 
tion with dissecting microscopes can be very elaborate. Bagging is 
another problem. Crows, squirrels, monkeys and boys are very curious 
to see what is inside the bag and what for is the dangling tag. Many 
tree species flower during the most oppressive hot, humid, or wet season. 
Lavish wastage by flower and fruit drop, natural or induced by emascula- 
tion damage, adds to our troubles. Other physiological problems and 
genetic incompatibility often deny us the desired results. But there 
can be no denying that tree breeding should prove a fruitful and fascinat- 
ing endeavour, because in nature there are subtle but effective barriers 
to hybridizations between species many of which can be overcome by 
man to produce new and valuable hybrids. 


Finally, I am glad to acknowledge the help I received from 
Mr. K. M. Vaid, Research Assistant, in doing the 1951 emasculations 
and pollinations. 
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STUDIES IN THE ORDER 
CENTROSPERMALES 


I. Vascular Anatomy of the Flower of Certain Species 
of the Portulacacee 


By HARI PRAKASH SHARMA 
Department of Botany, Meerut College, Meerut 


(Received for publication on June 24, 1953) 


INTRODUCTION 


PORTULACACE is a small family of about 20 genera and some 500 
species distributed in warm and temperate regions, especially on the 
Pacific side of the Americas. While some work has been published 
on the embryology of the family (see Johansen, 1950), nothing is 
known about the vascular anatomy of the flower. As is well known, 
there exists some confusion regarding the interpretation of the perianth 
segments: whether or not they are differentiated into sepals and 
petals. Besides, placental position also is not quite clearly under- 
stood. Since vascular anatomy of the flower is known to be helpful 
in elucidating such problems (see Puri, 1951) it was decided to work 
it out in the species that could be procured. 


MATERIAL AND METHODS 


The four species studied are: Portulaca quadrifida Linn., P. oleracea 
Linn., P. grandiflora Hook. and Talinum paniculatum (Jacq.) Gertn. 
Flowers and buds of the Protulaca species were collected at Meerut and 
those of Talinum paniculatum were very kindly sent to us by Mr. B. D. 
Tyagi from Ajmer. They were treated in the customary manner. 
Serial microtome sections were cut 10 to 12 microns thick and stained 
with crystal violet and erythrosin. 


OBSERVATIONS 


Portulaca quadrifida Linn.—The flowers of this species are yellow 
and solitary terminal. They are surrounded by four green fleshy leaf- 
like bracts which are fused into a cup below and bear tufts of white, 
silky, multicellular hairs. These are followed by two thin, membranous 
sepals situated antero-posteriorly. They are large and connate below 
and enclose the internal structures. One of the sepals overlaps the 
margins of the other. The four petals appear to arise in two whorls 
of two each, the outer whorl being lateral. Petals are free above and 
connate below. They are followed by eight or fewer stamens which 
again appear to arise in two whorls. While the outer whorl always 
consists of four stamens, the inner may have fewer stamens than four. 
There are three to four carpels with a single style crowned with a three 
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Fics. 1-10. Portulaca quadrifida. Tig. 1. Diagrammatic representation of 
vascular supply of the flower. Figs. 2-10. Serial transverse sections of the flower 
from base upward. Fig. 4. Placental bundles migrating inward. Fig. 5. Central 
placental plexus giving ovular traces. Fig. 6. Plexus has broken up into three 
placental bundles lying on the septal radii. Fig. 7. Third carpel dorsal (Cd,) 
arising, Fig. 8. Ovary wall has separated from floral tube. Rundle Sl, giving a 
branch for an antepetalous stamen. Fig. 9. Both sets of stamen traces can be 
distinguished. B, Bract trace. Sp, Bundle supplying the sepals and the median . 
pair of petals. P, Petal dorsal bundles. Pl, Petal laterals. Cd, Carpel dorsals. 
pl, Placental supply. 5 Antepetalous stamen trace. Sa, Alternipetalous stamen 

orsals, 


trace. §S, Sepal 
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to four-fid stigma. When there are four carpels they alternate with 
the inner whorl of stamens. The ovary is one chambered in the middle 
and three or four chambered in the lower and upper regions. 


A transverse section of the pedicel shows a ring of about eight 
vascular bundles. From this two bundles diverge out, one on each side, 
for the two lateral bracts (Fig. 3, B,, B,). They are soon followed 
in the anteroposterior plane by two bundles, B;, B, for the median 
pair of bracts (Fig. 4). 


While the four bract traces are still diverging out the remaining 
stelar bundles divide, anastomose and redivide to form a cylinder of 
small vascular bundles, which expands somewhat (Fig. 4). A little 
higher up some branches from this vascular cylinder migrate inward 
with a slight downward incline and fuse into a central plexus (Fig. 5, 
Pl.) Very soon after its formation this plexus splits up into three 
(or four, if the number of carpels is four) bundles on the septal radii 
(Fig. 6, pl,, pl, and pl,). These are placental strands which get com- 
pletely used up in supplying traces to the ovules. At this level the three 
(or four as may be the case) placente are fused together and each is 
connected through a delicate septum to the ovary wall (Figs. 4 and 5). 
The placente separate apart as the middle of the ovary is approached. 


After the departure of the placental supply, the rest of the stelar 
cylinder consists of ten bundles. From these, two bundles Cd, and 
Cd , (Figs. 5 and 6) migrate a little inward and function directly as the 
carpellary dorsals. The third dorsal, Cd, arises as a small branch 
from a bundle situated more or less equidistantly from Cd, and Cd, 
(Fig. 7). In tetracarpellary flowers, the fourth dorsal also arises in 
the same way. All these three (or four) dorsals divide a number of 
times and form the vascular supply of the ovary wall. They show 
in the base of the style some anastomosing, and finally the three (or 
four) dorsals continue into the style. It should be noted here that 
carpel dorsals arise either independently or as branches from bundles 
which alternate with the petal midrib bundles. 


After the departure of the carpel dorsals there are left eight bundles 
in the vascular cylinder. Four of these Sl,, Sl,, Sl, and Sl, (Figs. °7 
and 8) lying on alternate radii, after giving off branches to the sepals 
and petals, divide into two each, one branch migrating inward on the 
same radius and the other diverging to the right (Figs. 8 and 9). The 
former supplies the stamen alternating with the petal and the latter 
enters the one lying opposite a petal. They continue undivided into 
the stamens. 


The four prominent bundles now left in the vascular cylinder 
furnish midrib bundles for the sepals and the petals. The two bundles 
P, and P,, occurring laterally supply the two petals of the outer whorl. 
The remaining two bundles SP; and SP, give one branch each on their 
inner side (Fig. 8), These branches constitute the midrib bundles of 
the two petals of the inner whorl. Besides, the petals also receive 
some branches from bundles Sl, to Sl, (Fig. 8, pl). Higher up all 
these divide into a number of branches in the petals. The exact number 
of branches entering a petal is variable. 
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The two branches of SP; and SP,, which remain on the periphery, 
now diverge into two sepals as dorsal bundles (Fig. 9, S, and S,). 
Beside these, they receive two or more branches from bundles SI, to 
Sl,. All these divide and give a large number of branches in the sepals. 


Portulaca oleracea Linn.—The flowers of this species are also 
small, yellow and borne in terminal clusters. But unlike the previous 
species there is one bract and two lateral bracteoles, which separate 
from the axis much earlier than they do in the previous species. The 
two sepals are much more developed. They are green, stout and winged 
in the midrib region and connate below. There are five petals quin- 
cuntially arranged, free above and connate below. The stamens vary 
from ten to fifteen. The gyneceum is composed of four to five carpels 
with a single style and four or five-fid stigma. The ovary is one cham- 
bered except in the lower region where the number of chambers equals 
that of the carpels. A transverse section of the pedicel presents the 
same appearance as that in the previous species. But unlike any other 
species described here the bundles have a cap of tracheidal cells on 
their outer side. 


The vascular supply of the placental region in this species is dis- 
tinctive and significant. After the departure of two median and two 
lateral bundles (Figs. 11 and 12, SP,, SP,, SP, and SP,) the remaining 
ones divide, anastomose and redivide and form a cylinder (Fig. 12), 
This expands somewhat and some branches from it appear to migrate 
inward with a slight downward incline (Fig. 12). These latter branch 
and soon become organised into two rings of four bundles each (Fig. 14, 
pl,, pl., pls, pl, and Ipl,, Ipl,, Ipl,; and [pl,). The outer ones lie on the 
midrib radius while the inner ones lie at the septal radius. All these 
constitute the vascular supply of the placente. On each placenta the 
ovules in the lower region receive their traces from the corresponding 
outer bundles, that is, the bundles on the midrib radius. Thereafter, 
each of these bundles splits into two daughter branches which migrate 
sideways and finally come to occur almost on the same radii as the 
bundles of the inner ring, that is, the septal radii (Fig. 14, pl,). A little 
higher up the delicate septe connecting the placente to the ovary wall 
disappear leaving a four-rayed ovule bearing column in the centre 
(Fig. 15). The ovular traces are now derived from bundles on septal 
radii. A little higher up the four placente separate apart in such a 
way that each placenta is composed of two half placente of two adja- 
cent carpels (Fig. 16). 


In a pentacarpellary gyneceum the placental supply consists of 
two rings of five bundles each. In a few cases there were observed 
only four bundles in the inner ring to begin with. But a little higher 
up one of these divided into two and thus five bundles were soon obtained. 


After the departure of the placental supply, there are left a varying 
number of bundles on the periphery. From these four bundles (or 
five, depending on the number of carpels) form the carpel dorsals 
' (Figs. 13, 14, 15 and 16, Cd, to Cd,). They branch and disappear in 
the same manner as in P. quadrifida, 
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Figs. 11-22 
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Fies. 11-22. Portulaca oleracea. Figs. 11-20. Serial transverse sections of 
the flower from base upward. Fig. 12. Placental traces diverging in. Fig. 13. 
Placental bundles being arranged in two rings. Fig. 14. One of the outer rings 
of placental bundles (pl 1) has broken into two branches which are migrating 
towards two adjacent septe and supplying the ovules. Fig. 15. Inner ring of 
placental bundles giving ovular traces. Fig. 16. Placental column breaking up 
into four component parts. Fig. 17. Ovary wall separating. Fig. 18. Five petal 
dorsals can be distinguished. Sepal laterals have broken up into two bundles each 
for each of the two sepals. Figs. 21-22. T. S. of a young bud. Note placente 
arranged in a typical parietal way in Fig. 22. 


Beside the carpel dorsals, there are a varying number of other 
bundles in the vascular cylinder. In one of the flowers studied they 
were eight in number (Figs. 14, 15 and 16, Sl,, Sl,, Sl,, Sl,, SI;, PSl,, 
PSI, and P,), seven of which form the stamen traces (Fig. 17, Sl,, Sl,, 
Sl,, Sl,, Sl;, Sle and Sl,). They divide to form as many branches as 
there are stamens. Some of these supply traces to petals and soon after 
each branch passes into one stamen. 


There are five petal dorsals which may arise either independently 
from the central vascular cylinder or as branches from bundles SP,, 
SP,, SP; and SP,. Beside these, they also receive branches from 
the sepal laterals S,’, S,” and S,’, S,” as well as from the stamen traces, 
Thus the total number of branches going to petals is variable. 


The two sepals receive their dorsals from bundles SP, and SP, 
and laterals from bundles SP, and SP, which, after furnishing traces 
to petals, divide into two each (Figs. 17 and 18, S,’, S,” and Sy’, S4”). 


Portulaca grandiflora Hook.—This is a cultivated species with 
large and showy flowers having one bract, two membranous sepals, 
five (occasionally four) petals and an indefinite number of stamens. 
The carpels vary from four to eight and the ovary is as many chambered 
in the lower and upper regions and is one chambered in the middle; 


The pedicel in its internal structure, resembles that of the other 
species. One minor difference is that its bundles go on dividing and 
giving out bundles towards the periphery at successive levels. The 
median bundles are the first to diverge out and they are soon followed 
by two lateral ones which immediately divide into two each (Fig. 25, 
SP,’, SP;” and SP,’, SP,”). The remaining vascular cylinder sends 
some more bundles towards the periphery and expands a little. Their 
behaviour and course will be treated in due course. 


Some branches from this vascular cylinder migrate inward to 
form the placental supply which in this case consists of three rings of 
vascular bundles. The innermost ring consists of six bundles lying on 
the septal radii (Figs. 26 and 27, Ipl). The next outer ring too has six 
bundles lying at the midrib radius (Fig. 27, pl). They soon divide into 
two each, the daughter bundles migrating towards the septe as in the 
previous species (Fig. 27, pl). The outermost ring also originally 
consists of six bundles which, however, divide almost immediately and 
supply the ovules in the lower region (Fig. 26, ov). Those in the upper 
region get their supply from bundles of the innermost ring. 
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The carpel dorsals arise independently from the remaining cylinder 
of vascular bundles which, while moving in, divide into a large number 
of branches. They resemble those of the previous species in their 
course and behaviour. 


23 


Fig. 23. Diagrammatic representation of the longitudina! section of an 
open flower. SP, Bundles supplying the sepals and some of the petals. P, Petal 
dorsals. PSI, Bundles supplying petal dorsals and stamen traces. SI, Stamen 
traces. Cd, Carpel dorsals. Pl, Outer ring of placental bundles. Ipl, Inner 
ring of placental bundles, S’ and S’, Sepal laterals. 


The stamen traces arise independently from the vascular cylinder. 
Some of these may also arise as branches from the outer prominent 
bundles, SP,, SP,, SP’, SP;”, and SP,’, SP,”. They split up into as 
many branches as there are stamens and each supplies one stamen. 


The bundles remaining in the vascular cylinder form the petal 
dorsals. Beside these, the petals also receive laterals from the bundles 
SP,, SP., SP’, SP,” and SP,’, SP,”. The total number of branches 
supplying each petal is variable and*cannot be easily determined as in 
the previous species. : 


The sepal supply is similar to that of P. oleracea. 


Some flowers of what appears to be an ecological variant of this 
species, have also been studied. These are comparatively much smaller 
and have a lesser number of stamens, The gyneceum has four to 
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seven carpels and the placente are usually free or if they fuse, they do 
so only for a short distance and separate soon. The septe disappear 
after the separation of the placente leaving typical parietal condition 
in the lower region (Fig. 30). The epidermal cells of the ovary wall 
are sclerenchymatous near the base of the style. The vascular cylinder. 
left after the departure of the placental bundles consists of fewer 
bundles here which shows that there is greater adnation in this case. 


Fics. 24-28. P. grandiflora:—Serial transverse sections from base upward. 
Fig. 26. Three rings of placental bundles are distinguishable. 

Fics. 29-31. T.S. of flower of the ecological variant of the same, showing 
parietal placentation. SP, Bundles supplying sepals and petals. Cd, Carvel 
dorsals. Ov, Outermost ring of placental bundles. Pl, Intermediate ring of 
placental bundles. Ipl, Inner ring of placental bundles. 


Talinum paniculatum (Jacq.) Gertn.-This genus differs greatly from 
Portulaca, The flowers are small and are borne in panicles as the name 
suggests. There is one median bract and two lateral bracteoles borne on 
a long pedicel. Like Portulaca there are two sepals, five petals, followed 
by ten to thirty stamens which are borne on a short androgynophore. 
But unlike Portulaca the ovary is superior and consists of three carpels 
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Fics. 32-37. Talinum paniculatum—Serial transverse sections of the flower 
from base upward. Fig. 33. Sepal dorsals and laterals are distinguishable. 
Fig. 34. Alternipetalous set of stamen traces (St’) diverging out. Fig. 35. 
Petal bundles giving traces for the antepetalous set of stamens. Fig. 36. Andro- 
phore separating from the gynophore. Central vascular tissue giving three 
bundles (Cd). Fig. 37. T.S. through base of ovary ; the three bundles Cd 
giving traces to the ovary wall. Sm, Sepal dorsals. Sl, Sepal laterals. “Po, 
Antesepalous petale bundle. P, Petal bundles. PSt, Bundles supplying the 
petals and the antepetalous stamens. St, Antepetalous stamen traces. St’ 
Alternipetalous stamen traces. Cd, Bundles for the ovary wall. 
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which are ridged along their backs, It is three-chambered in the lower 
and one-chambered in the upper region. The midrib regions of carpels 
are ridged on the inner side near the base of the style. In one of the 
flowers examined four petals were normal but the fifth which was oppo- 
site one of the sepals was filamentous in the lower region and expanded _ 
higher up and took the shape of a petal. It also bore pollen sacs 
on the inner side with pollen grains. 


The pedicel has four bundles, each of which divides into two, 
forming a ring of about eight vascular bundles. 


Two bundles in the anteroposterior plane diverge out from the 
parent stele (Fig. 32, Sm). One of these enters one of the sepals directly 
to function as a sepal midrib while the other does so after giving out 
a branch on its inner side for one of the petals (described in the succeed- 
ing paragraph). Two laterals for each sepal arise as branches from 
the parent stele (Fig. 32, Sl). They divide a number of times within 
the sepals (Figs. 33 and 34). 

Four bundles from the parent stele diverge out soon after the 
departure of the sepal laterals (Fig. 34, PSt). Each of these, on 
reaching the periphery, gives out three branches—one dorsal and two 
laterals—for each of the four petals. They divide in the body of the 
petals into a large number of bundles. The supply for the fifth petal, 
opposite one of the sepals, arises fused with the corresponding sepal 
dorsal from which it separates near the periphery (Fig. 33, Po). Thus 
in this species the fact that each petal receives three traces can be very 
clearly made out. This is not so in Portulaca. 


The stamen supply arises in two whorls. Each petal bundle gives 
one branch on the inner side (Fig. 35, St). This divides into two or 
more branches, each entering one stamen. The five stamen bundles 
of the second whorl arise directly from the parent stele on alternate 
radii and each divides, into two or more branches, as do those of the 
former whorl, each entering one stamen (Fig. 34, St’). Occasionally 
one or more of these may also arise fused with the sepal laterals from 
which they soon separate. 

The parent stele now gives off three carpel dorsals on equidistant 
radii (Fig. 36, Cd). The remaining tissue comes together to form a 
plexus in the centre. Its behaviour has been treated in a subsequent 
paragraph. These branches diverge out and divide into three each, 
a median and two laterals, and supply the ovary wall which receives 
some more branches from the Cd bundles and the central plexus 
(Fig. 38, clandsm). All these further divide and continue into the 
ovary wall. Except the dorsal bundles, all of them show some fusion 
near the base of the style and only the dorsals continue into the style 
(Fig. 43). | 

After giving out branches to the ovary wall the bundles Cd come 
to lie near the central plexus and supply the lower ovules (Fig. 38, pl). 
The central plexus gives more bundles at successive levels for the ovules 
in an axile manner (Fig. 39). In the uppermost region this plexus 
splits into three bundles (Fig. 40), and this is soon followed by the 
splitting of the central placental column in P. grandiflora. 
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Fics. 38-43. Talinum paniculatum.—Serial transverse sections through ovary 
above the region shown in Fig. 37. Fig. 38. More traces for the ovary wall 
arising from the central vascular tissue. Fig. 39. Ovular traces arising in an 
axile manner. Fig. 40. Ovular supply arranged in. » parietal manner. Fig. 41. 
Carpel mid-rib region showing ridges. Fig. 42. Bundles of the ovary wall anasto- 
mosing. Carpel dorsals passing inio the style. Fig. 43. Style separating. 
cl, Carpel marginals. sm, Carpel secondary marginals. pl, Placental bundles. 


DISCUSSION 


The Ground Plan of the Flower.—TYhe fundamental ground plan 
of the flower in this family seems to be bimerous and the pentamerous 
condition appears to be derived. In P. quadrifida, for instance, there 
are two bracts, two antero-posterior sepals, two lateral petals whose 
vascular supply arises earlier, followed by another whorl of two petals 
alternating with the outer whorl and overlapped by them. The stamens 
also occur perhaps in two whorls of four each. When carpels are four 
they alternate with the antepetalous whorl of stamens. | 


Again in 7. paniculatum, in a normal flower with five petals four 
of them receive their vascular supply from the parent stele in the normal 
fashion. The trace for the fifth petal, however, separates from the 
midrib bundle of one of the sepals. Further, the occurrence of two 
rings of four placental bundles each, in the tetracarpellary flowers in 
P, oleracea also suggests a bimerous or tetramerous condition in this 
flower. The sepals and petals in this flower are 3-traced organs as 
is clear from the vascular anatomy of 7. paniculatum, One marked 
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difference in the vascular anatomy of the two genera tela and | 
Talinum is greater adnation in the former. 


The Perianth Leaves.—As pointed out earlier there exists some 
confusion as to the nature of the perianth leaves in this family. 
Hoffman and Pax (1934) and Wettsstein (1935) consider the perianth 
uniseriate and interpret the calyx as involucre, sepals as bracts and 
the apparent corolla as a perigone of tepals. Recently, Lawrence 
(1951) has supported the same view and he thinks that floral anatomy 
supports such an interpretation. Many of the other systematists, 
however, including Bentham (1865), Britton (1896), Rendle (1925), 
Hutchinson (1926), Bailey (1949), Fernald (1950) treat the perianth 
as biseriate, though Lawrence (1951) thinks that they do so “perhaps 
for reasons of convenience’’, 


The one argument on which the authors of the uniseriate view base 
their conclusion is that the stamens are commonly believed to be ante- 
petalous which is generally the case in monochlamydeous flowers. It 
appears to us that this view is based on unsound evidence. 


The number of stamens in this family varies greatly. In those 
species where there are more stamens than the number of petals, this 
issue, whether or not the stamens are antepetalous, cannot be decided 
by mere external examination. Nor does the vascular supply of the 
stamens help us in solving the problem, for all the traces appear to arise 
in the same whorl. So far as the occurrence of antepetalous stamens 
in those flowers where their number does not exceed that of the petals 
is concerned such a condition can be very easily conceived to have been 
brought about by the suppression of the alternipetalous set of stamens, 
and the existence of such a condition (suppression of alternipetalous 
stamens) is commonly recognised in a number of genera. 


The vascular supply of T. paniculatum seems to suggest that there 
are two sets of stamens in this plant, one alternating with and the other 
opposite the petals. 


It seems that originally there were two sets of bundles for the 
corresponding stamens, which have come to lie in the same whorl as 
a result of suppression of the vascular internode between the two sets 
of bundles. The presence of such a condition in a closely allied family 
Caryophyllacee, further supports this argument. It is known that in 
certain species of this family the two whorls arise at the same level as 
a result of reduction in the vascular internode (Thompson, 1942, and 
Saunders, 1932). A similar condition can be conceived to be occurring 
in Portulacacee. 


Furthermore, if the sepals are really bracts as the holders of the 
uniseriate view believe, then it is difficult to explain the presence of 
bracts and bracteoles that are present in many of the plants of this 
family. Their presence, therefore, supports the biseriate view. 


If it is conceded that there are two sets of stamens, antepetalous 
and alternipetalous, as seems to be supported by the vascular. anatomy 
of T. paniculatum, then the position of carpels in tetracarpellary flowers 
of P. quadrifida also throws some light on their relative position, As 
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already pointed out the carpel midribs, in this case, arise from radii 
alternating with the petals. This means that the innermost of the two 
whorls of stamens is antepetalous and the next outer whorl is alterni- 
petalous. Such a state accords with the alternation of whorls and thus 
supports the biseriate view. 


The placentation—The placentation has either been described 
as free central (Hoffman and Pax, 1934; Bentham, 1865; and Rendle 
1925), or basal (Hutchinson, 1926; Gunderson, 1950; Fernald, 1950; 
Lawrence, 1951; and Warming and Potter, 1932). Some describe 
the placente as branched (Wettsstein, 1935). ; 


Actually, as it appears to the author, the placentation is axile in 
the lower region and parietal in the upper. This is supported not only 
by the structure of the placental colunws but also by their vascular 
supply. 

In the lower region the ovary is many chambered and the ovules 
are borne on the midrib radii. This is typical of axile placentation. 
This condition is universal in the plants described here. In the upper 
region the thin delicate septe disappear leaving a central placental 
column in all the plants studied except in the ecological variant of 
P. grandiflora. This column later on breaks up into its component 
parts leaving placental columns equal in number to that of the carpels. 
They occur on the septal radii thus showing that each placenta is com- 
posed of two half placente of two adjoining carpels. Furthermore, 
the septe withdraw only after the central placental column has broken 
up into the component parts in the ecological variant of P. grandiflora, 
and not at all in P. oleracea in young stages. Thus in the last two 
cases a typical parietal type of placentation can be seen either up to 
some distance in the ovary or throughout. 


The vascular supply in the placente also shows the existence of 
axile placentation in the lower and parietal in the upper region. One 
of the main characteristics of the axile placentation is that the ovular 
traces are given out on midrib radii. Such a condition exists in all the 
plants described here. In the upper region, however, the ovular traces 
arise from another set of bundles lying on septal radii, typical of parietal 
placentation. In T.paniculatum, however, there is only one set of 
placental bundles and the central plexus breaks up in the upper region 
in such a way that two ovular traces of two adjacent carpels are seen 
joined on the septal radii. 


SUMMARY 


1. Vascular anatomy of the flower of three species of Portulaca 
and Talinum paniculatum has been studied. 


2. The fundamental ground plan of the flower in the family has 
oe suggested as bimerous and the pentamerous condition seems to 
e derived. 


3. The view that the perianth is uniseriate in this family, that 
the apparent calyx is an involucre of bracts and that the apparent 
corona! is a perigone of “tepals” is believed to be based on unsound 
evidence. 
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4. It has been suggested that in this family two whorls of stamens 
were originally present, which as a result of compression came to lie 
in one whorl. The apparent antepetalous condition in species with 
stamens equal in number to the petals, is thus believed to be due to 
suppression of the alternipetalous whorl of stamens and the apparent 
origin of their vascular traces in one whorl is probably due to the shorten- 
ing of the vascular internode between the two sets of traces. Occur- 
rence of such a condition in the closely related, Caryophyllacee, 
supports this conclusion. 


5. In tetracarpellary gynecia of P. quadrifida, the occurrence of 
carpels on alternipetalous radii has been interpreted to suggest that 
the inner whorl of stamens is antepetalous and the outer whorl alterni- 
petalous. 


6. The placentation is axile in the lower and parietal in the upper 
region. This is supported not only by the structure and behaviour 
of the placente but also by their vascular supply. 
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INTRODUCTION 


GUSTAFSON! applied specific chemicals of the nature of auxin and 
obtained mature seedless fruits without pollination. This was the 
first scientific record of the specific chemicals providing the stimulus 
for the development of mature fruits. He in a later publication? 
emphasized that there are some indications that the same chemical 
may not be effective in all the plants, and that all the plants are not 
equally induced to produce parthenocarpic fruits. Later studies have 
shown that hormone-induced fruitset is important in improving the 
production of fruits and the use of chemicals to supplement the normal 
processes of pollination and fertilisation in tomato production was 
suggested by Howlett. In India a number of investigations have been 
carried out on the effect of the application of hormones on the produc- 
tion of fruits in tomato.® ® * ® Randhawa (1950, 1951) and Venkata- 
ratnam (1950) obtained an increase in fruitset and Singh and Kacker 
(1952) obtained seedlessness by the application of hormones. The 
present investigation deals with the possibility of successive treatments 
of Indoleacetic, Indolebutyric and L-Naphthalene acetic acids in 
increasing fruitset in tomatoes under normal field condition. The 
effect of hormones on the induction of parthenocarpic fruits in some - 
common plants has also been studied. 


MATERIALS AND METHODS 


Increasing fruitset in tomatoes.—Flowers of the tomato plants, 
Lycopersicon esculentum Linn. (Sutton’s perfection) were treated 
during November-January. Four stages of flower development, viz., 
green-buds, coloured-buds, newly opened flowers and old flowers have 
been taken into consideration. Water preparations of Indole acetic, 
Indole butyric and L-Naphthalene acetic acids in concentrations 25, 
50, 100 and 200 p.p.m. were sprayed on flowers by means of atomiser. 
Spraying was done on three consecutive days and no emasculation 
and bagging was resorted to. 


Production of parthenocarpic fruits —Plants of Citrullus vulgaris 
Schard, Cucurbita pepo DC., and Hibiscus esculentus Linn., were used 
and hormones Indole butyric arid L-Naphthalene acetic acids in lanolin 
were applied on the cut stigmatic surface of the flowers. The flowers 
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under study were at pre-anthesis, anthesis and post-anthesis stages. 
Emasculation and bagging was done only in the case of Hibiscus esculen- 
tus Linn. on the day before treatment. In the other two cases no emascu- 
lation was necessary as the flowers were unisexual and monoecious. 
Selected flowers were bagged before the day of treatment to prevent 
normal pollination. The concentrations of hormones in lanolin paste 
varied between 0-25% and 2:0%. 


EXPERIMENTAL RESULTS 


Increasing Fruitset in Tomatoes.—The results obtained from differ- 
ent treatments are represented in Table I. 


TABLE | 
Percentage of total fruitset 
3 Conc. 
Hormones P.P.M. Sree — poe 
Old. Fis pit P"- | Col. Buds | Green Buds 
E 
I,A-A. We 25 80 | 66-66 50 50 
50 80 | 50 50 40 
100 60 50 40 30 
200 40 30 20 10 
I.B.A. an 25 83-33 75 50 50 
50 83-33 | | 50 50 41-66 
100 60 | 50 40 30 
200 50 25 30 10 
N.A.A, _ 25 50 | 25 40 33-33 
50 50 25 16-66 10 
100 38-33" | 16-66 0 0 
200 20 12+5 0 0 
| | 
Untreated controls 80 | 71-66 65 | 53-33 


| | 


A greater percentage of fruitset than the control was obtained in 
case of 25 p.p.m. and 50 p.p.m. of indolebutyric acid from old flowers 
and in 25p.p.m. from newly opened flowers. 


In the other treatments the number of fruits formed were either 
the same or less than the control. The retarding effect was more 
pronounced in all the concentrations of N.A.A. and in the higher con- 
centrations of I.A.A. and I.B.A. 


Tomato fruits produced as a result of treatment was accompanied 
with marked seedlessness. The general effects of seedlessness due to 
different treatments are represented in Table II. 


Seedlessness was marked only in the cases of the coloured bud and 
newly opened flowers treated with indolebutyric acid, seedlessness 
being almost complete in 100 and 200 p.p.m. treatments. Seedlessness 
is not prominent in the case of the other two hormones, 
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TABLE II 


General effect of Seedlessness 
- 
Cone. 


[ 
P.P.M. 


Undeveloped and | 
immature 


Hormones Developed 


Remarks 


Partial parthenocarpy was 


I.A.A. 26) eae tai AS 
OE ta ds ta aS obtained in fruits deve- 
LOO estes at Sono ay loped from treatments 
200 t-te -——= at coloured bud stage 
and in some cases from 
newly opened flowers 
TS Bi. 7 ar. 25° sb sk ie ce Both complete and_par- 
609 =e tial parthenocarpy were 
100)" (3p ae ha obtained in fruits deve- 
200 (Fo je eH = _loped from treatments 
at coloured bud stage and 
| newly opened flowers 
| 
NA vA 20 tet = Parthenocarpic effects 


are negligible in these 
cases 


Production of parthenocarpic fruits —A summary of results obtained 
by hormone treatments on flowers of three plants investigated is tabulated 
in Table III. 


-DISCUSSION 


Experiments with Lycopersicon esculentum Linn. under field 
conditions without any emasculation and bagging showed that, of the 
three hormones tried, an increase in percentage of total fruitset was 
obtained with indole butyric acid in the concentrations of 25 and 50 
p.p.m. when applied to old flowers and with concentration of 25 p.p.m. 
when applied to newly opened flowers. All other treatments did not 
show any increase of fruitset in tomatoes. Thus from the general 
responses obtained in the present investigation it is clear that it is 
possible to improve setting of fruits by suitable hormone treatments 
of flowers. This supports Venkataratnam® who also observed that 
it is possible to obtain maximum fruitset in tomatoes if the hormones 
are sprayed on flowers in a controlled manner and consequently fetch 
better return as compared with fruits produced under normal condi- 
tions. As regards seedlessness of the fruits developed, results show 
indole butyric acid is the most effective of the three hormones tried. 
The effect of indole acetic acid was less prominent than indole butyric 
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| 


| Cone. in 


: Effective | , 
Hormones | dnalaa Cems | Remarks 
% % 
Cirullus vulgaris N.A.A: 0-25 0:5 Partial parthenocarpy was 
Schard. & obtained only with post- 
0-5 anthesis treatment. Fruit size 
similar to untreated control 
I.B.A. 0-25 x Treated flowers did not survive 
© 
0-5 
Cucurbita pepo N.A.A. 0-25 x Treated flowers did not survive 
gh 0-5 
1-0 
. 2-0 
| “I.B.A. do x do 
Hibiscus esculentus | N.A.A. 0-25 0:25 Only anthesis treatments’ pro- 
L. ; 0-5 0-5 duced partial parthenocarpic 
1-0 1-0 fruits of size smaller than 
leh 1°5 controls. Pre-anthesis treat- 
ment did not survive. Post- 
anthesis treatments produced 
| greater sized fruits containing 
1 } many normal seeds 
LBA. 0-25 0-25 Only anthesis treatments pro- 
0°5 0-5 duced partial parthenocarpy. 
1-0 1-0 Seedlessness more prominent 
1-5 1+5 in lower _ concentrations. 
Fruits smaller than controls. 
| Pre-anthesis treatments did 
not survive. Post-anthesis 
| treatments produced fruits of 
; greater size. 


(Es 
acid but more prominent than L-naphthalene acetic acid. Howlett* 
suggested the possibility of obtaining parthenocarpic fruits in tomato 
with successive treatments of hormones in lower concentration. 
Present investigation supports Howlett and indicates that an appreciably 
lower range of concentration of indole butyric acid can induce pro- 
nounced seedlessness, when applied during three successive days. 


Investigations on parthenocarpy produced by chemicals show that 
flowers treated with hormones may develop into fruits without pollina- 
tion and consequent. fertilisation. In Citrullus vulgaris Schard. 
indole butyric acid failed to induce fruits and L-naphthalene acetic 
acid in post-anthesis treatments only gave positive results. Since the 
post-anthesis flowers correspond to those where normal pollination 
has just been over, the developed fruits contained both normal and 
undeveloped seeds. In Cucurbita pepo DC. no parthenocarpic fruits 
are formed when the flowers are treated with indole butyric acid and 
L-napthalene acetic acid. This is in accordance with the observations 
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made by Wong!® who obtained insufficient responses with the species. 
In Hibiscus esculentus Linn, parthenocarpy has been attained with indole 
butyric acid and L-naphthalene acetic acid from anthesis stage of 
flowers, more distinctly with indole butyric acid, thus indicating a greater 
effectiveness of indole butyric acid in producing seedlessness. Partheno- 
carpic fruits from anthesis treatment were of smaller sizes than the 
normal ones and this coincides with findings of Shri Ranjan and Kaur.’ 
When the treatments were made at the pre-anthesis stages no fruits 
were formed with anyone of the two hormones tried. This, however, 
does not support Shri Ranjan and Kaur who obtained parthenocarpic 
fruits by treatments at the same stage with indole butyric acid. Treat- 
ments at post-anthesis stage of flowers produced larger fruits, the reason 
for which, as Gustafson? observed, is the accumulation of larger dosage 
of mixed hormones: from pollen as well as of specific chemical hormones 
used in the treatment. These caused increased cell expansion in deve- 
loping fruits leading to their bigger sizes. 


SUMMARY 


1. The effect of three successive treatments of hormones (1.A.A., 
1.B.A. and N.A.A.) onincreasing the fruitset in tomatoes (Lycoper- 
sicon esculentum Linn.) under normal conditions has been studied. 


2. The possibility of production of parthenocarpic fruits by I.B.A. 
and N.A.A. in Citrullus vulgaris Schrad., Hibiscus esculentus Linn. and 
Cucurbita pepo DC. has also been investigated. 


3. Hormones in water solutions and in the concentrations of 25, 
50, 100 and 200p.p.m. were sprayed by means of an atomiser on 
tomato flowers at different stages of development in three consecutive 
days. 


4. In Citrullus, Cucurbita and Hibiscus the hormones were applied 
in lanolin paste in the concentrations varying from 0-25% to 2:0% 
in different plants. 


5. In Lycopersicon, a greater percentage of fruitset than the 
control was obtained in case of 25 p.p.m. and 50 p.p.m. of indole butyric 
acid from old flowers and in 25 p.p.m. from newly opened flowers. 
Other treatments produced either no effect or retarding effects. 


6. Tomato fruits formed after treatment showed seedlessness, 
more particularly with indole butyric acid at coloured bud and newly 
opened flower stages. 


7. Cucurbita pepo DC. failed to respond to either of the hormones 
in inducing parthenocarpic fruits. 


8. In Citrullus vulgaris Schrad., post-anthesis treatments with 
0:5% N.A.A. only produced partial parthenocarpy. I.B.A. gave regative 
response in all cases. ‘ 

9. With Hibiscus esculentus Linn. parthenocarpic fruits were 
formed with 0-25%, 0:5%, 1:0% and 2:0% I.B.A.& N.A.A. from 
anthesis treatments but the fruits were smaller than the controls. 
Parthenocarpy was more pronounced with I.B.A. than N.A.A. 


10. 
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INTRODUCTION 


ZINGIBERACE, and the three other allied families Musacee, Cannacez. 
and Marantacee form a very natural group, the Scitamine, also known 
as Scitaminales, Zingiberales or Arillate. All of them show a very 
interesting floral organisation. Therefore, they have attracted the 
attention of many botanists, and several interpretations have been 
given for the complex structure of their flower. The present paper 
deals with the floral anatomy of four species of the Zingiberacez, 
Curcuma inodora Blatter, Alpinia vittata Bull., Hedychium coronarium 
Koenig. and Costus speciosus Smith.* The first three belong to the 
sub-family Zingiberoidee, while the last one belongs to Costoide. 


The flowers in the Zingiberaceez are medianly zygomorphic, with 
perianth in two whorls of three members each, and usually differentiated 
as calyx and corolla. The calyx is tubular or bell-shaped, ending in 
three teeth, with the odd sepal anterior. The corolla is tubular at the 
base, ending in three equal or unequal lobes, the posterior lobe being 
the largest. The androecial members are in a highly modified state, 
and their bases are adnate to the corolla tube. Theoretically they 
are in two whorls of three members each. According to Rendle (1930) 
the posterior stamen of the inner whorl is fertile with often a broad 
connective, while the lateral stamens of the same whorl are united to 
form a petaloid labellum. The outer whorl is either completely sup- 
pressed or only the two lateral stamens of this whorl are present as 
staminodes. The ovary is inferior and three-locular with axile placenta- 
tion, or one-locular with parietal placentation. Ovules are many. 
The style lies in a channel of the fertile stamen. In most cases, there 
are two epigynous glands that secrete nectar. The glands are of various 
shapes. Rendle (1930) states that in Costoidez, instead of epigynous 
glands there are septal glands. 


The family has been divided by Loesener (1930) into the two 
sub-families, Zingiberoidee and Costoidee. The former is divided 
into three tribes, the Hedychiee, Zingiberee and Globbex. The other 
sub-family is not divided into tribes. Hutchinson (1934) eliminated 
the distinction into the two sub-families, but has retained the four 
tribes. 


_ .* The senior author (Prof. V. S. Rao) will greatly appreciate if anybody can 
kindly help him in obtaining flowering material of other Scitaminean species. 
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There have been many investigations on the embryology of the 
Zingiberacee and related families, but very little work has been done 
on the vascular anatomy of the flowers. In the few investigations that 
have been carried out in the past, interest was, quite naturally, con- 
centrated on the nature of the labellum and other members of the 
_ andreecial whorls. According to Payer (1857) Van Tieghem (1868 
and 1871) and Eichler (1875) the outer whorl in Zingiberacee is either 
completely suppressed, or only the two postero-lateral members are 
present as two, usually petaloid, staminodes. The third anterior member 
of the outer whorl is considered to be always absent. The inner whorl 
of the andrecium is represented by a posterior stamen and a large 
petaloid labellum. The latter is supposed to be formed by the fusion 
of two antero-lateral staminodes of the inner whorl. The fusion 
product, namely the labellum, occupies the anterior position. The 
same is also the view of Baillon (1876), Rendle (1930), Schumann (1904) © 
and Willis (1948). Robert Brown (1830) regarded the labellum and 
the two lateral staminodes as forming the outer whorl, while the two 
epigynous glands and the fertile stamen were thought to constitute 
the inner whorl. The anther is two-celled. Schachner (1924), in an 
ontogenetic study of Hedychium, suggested that the labellum is made 
up of only the two lateral members of the inner whorl. Thompson 
(1933, 1934, 1936) studied in great detail, the ontogeny of the floral 
organs of many members of Zingiberacee, but not any of the four 
species described in the present account. He considers the labellum 
of Zingiber officinale and some other plants to be developed from 
primordia 8, 11 and 13 of a spiral sequence. Gregory (1936) who 
worked on the vascular anatomy of Elettaria cardamomum, also con- 
siders the labellum to be a triple structure, its median portion belonging 
to a member of the outer whorl while the two sides are formed by two 
members of the inner whorl. Raghavan and Venkatasubban (1941) 
studied the ontogeny of the flower of Alpinia calcarata Rosc., and gave 
evidence for their views from teratological material. The two antero- 
lateral glands and the stamen are considered by them as forming the 
inner andrecial whorl, while the labellum and the _ postero-lateral 
staminodes, when present, constitute the outer whorl. 


Curcuma inodora BLATTER 


Calyx three-lobed: corolla tube ending in three unequal petals ; 
basal parts of the members of the andrecial whorls completely fused with 
the corolla tube; the inner surface of this tube in the basal portion bears 
a number of fine hair-like outgrowths; labellum anterior, large; two 
lateral staminodes and a stamen; ovary three-celled, with many ovules 
described usually as arising on axile placentas; style filiform; stigma 
two-lipped. 


In the floral axis beneath the ovary there are two rings of vascular 
bundles (Fig. 1). In the outer one, there are five large bundles and 
two or three small ones. The small traces fuse higher up either with 
the larger ones or fade out, with or without branching. The inner 
ring is composed of three small bundles and three large ones. The 
three former run outwards at a much higher level and travel as the 
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dorsal bundles of the carpels. The latter sometimes show a partial 
division into two bundles. For convenience in description, these three 
are here referred to as the “‘placento-parietal’’ bundles, because these 
give rise to outer “parietal” traces which stand in the ovary wall 
opposite the septa, and inner placental bundles, The term “parietal 
bundle” like the term ‘“‘replum bundles” in Crucifere, is used only 
for convenience in description, without any special implication. It is 
applied here for those prominent bundles in the ovary wall standing 
opposite the septa and alternating with the dorsal bundles. The term 
‘‘median lateral bundles’’ is not used for these but for other slightly 
less prominent bundles standing one on either side of the dorsal traces 
of the carpels. The ovary wall may contain both ‘‘median lateral 
bundles’”’ and ‘parietal bundles’. The placental bundles sometimes 
show a partial division into two. 


Even much beneath the level of the loculi one of the five large 
traces of the outer ring forks into two, so that the number of prominent 
bundles in this ring is increased to six. These six travel up as the median 
lateral bundles of the carpels (Fig. 2). The three large placento- 
parietal bundles of the inner ring fuse laterally to form a hollow 
cylinder (Fig. 2) which becomes soon three-sided. From each one 
of its angles a large bundle is given outwards (Fig. 3), which runs as 
a parietal bundle in the ovary wall opposite a septum. Sometimes 
these bundles give out one or two branches which fuse with the median 
lateral bundles, rarely even with the dorsal bundle. Simultaneously 
with the emergence of the parietal bundles, the central cylinder breaks 
up into three parts (Fig. 3) that stand radially opposite the parietal 
bundles.. These three fuse temporarily again to form a central ring, 
but the latter soon breaks up into six ventral or placental bundles from 
which ovule traces arise (Fig. 4). Occasional vascular connections 
are seen between the ventral bundles and three parietal bundles. Most 
often, the ovule traces, as they arise from the central cylinder, branch 
and supply different ovules. Even while giving out the ovule traces 
the ventral bundles fuse again to form a ring. Towards the apex of 
the ovary the central vascular cylinder supplying the ovules breaks up 
into three bundles that stand opposite the septa. The ovule traces 
arise from these on either side and supply ovules in different adjacent 
loculi. Still higher up, each of the three placental bundles breaks up 
into two traces which obviously are the marginal traces of the carpels. 
These enter the topmost ovules of the corresponding sides. Above 
the ovule-bearing region, for a very short distance, the three septa 
separate out in the centre forming a narrow communication between 
different loculi, but soon the septa fuse again by their inner lateral 
margins, with the result that a canal appearing V-shaped in section 
is enclosed by them (Fig. 5). 


Near the upper limit of the loculi, each of the median lateral bundles 
(marked ML in Fig. 5) gives a small outward branch (Fig. 5). The 
six outward branches thus formed and the three dorsal traces of the 
carpels (which are also equally small at this level) represent the vascular 
supply of the tubular portion of the calyx. The dorsal bundles of the 
carpels function directly as the midrib bundles of the sepals, while the 
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Fics. 1-10. Curcuma inodora. 
D, dorsal bundle of carpel. ML, median lateral bundle of carnel. PP. 
aa -parietal” bundle. P, parietal bundle. PL, placental bundle, 
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branches of the median laterals become the marginal-bundles. At a 
slightly higher level, the three parietal bundles divide irregularly and 
expand forming numerous anastomoses (Fig. 6). Some of the branches 
of this network extend on either side tangentially and join the median 
lateral bundles. The vascular network thus formed is quite extensive 
and irregular, and extends all round for a short distance. From this 
plexus are given out towards the centre, three traces in a position more 
or less opposite the dorsal bundles of the carpels and three other traces 
alternating with the former and opposite the parietal bundles (Fig. 6). 
These inward traces surround the stylar canal (Fig. 7). Two of 
them situated opposite to the parietal bundles are extremely small. 


At the upper margin of this anastomosing plexus a number of 
definite vascular bundles emerge. Each of the two parietal bundles, 
whose inward traces are small, divides into an outer set of three tan- 
gentially placed bundles and an inner cylinder of vascular tissue (Fig. 7). - 
The third parietal trace divides only into three tangentially placed 
bundles, corresponding to the outer sets of bundles derived from the 
other two parietal bundles. Bundles also emerge from this plexus 
in positions corresponding to the median laterals. Almost all these 
bundles branch right at the base so that at this level, which is above 
the level of insertion of the calyx, the floral axis contains (1) a peripheral 
ring of 32 to 35 bundles meant for the petals and andrecial elements; 
(2) two groups of vascular tissue to the inside and roughly cylindrical 
in outline, and supplying higher up, the two epigynous glands; and 
(3) four large and two minute bundles just surrounding the stylar canal 
* the centre (Fig. 8). These central traces run into the style. 


The “corolla tube”, with which the bases of the andreecial members 
are fused, the style and the- two glands separate from one another a 
little above the level of insertion of the sepals. For a considerable 
distance the style lies in a longitudinal groove formed by two inward 
projections on the posterior side of the corolla tube. The two glands 
are present towards the anterior portion, one on either side (Fig. 9). 
Each gland receives vascular supply roughly in the form of a cylinder 
which gradually gets more or less flattened. The central parenchy- 
matous portion of the gland gets here and there bridged over by 
vascular tissue. This vascular tissue becomes, at some places com- 
pletely and at other places incompletely, divided into a number of 
strands. In the upper half of each gland, through fusions and fading 
out of some branches, an arc of vascular tissue is formed with the con- 
vexity towards the centre. Towards the tip, this gets gradually reduced 
in size and disappears. 


The ‘“‘corolla tube’’ contains a ring of vascular bundles formed 
as already described. About 9 to.18 traces of this ring, however, travel 
slightly to the outside and represent the vascular supply to the three 
petals (Figs. 9 and 10). The petals are inserted only much higher up 
at the end of this tube, and their median traces are derived from the 
branches of the parietal bundles, which occur as three groups of tan- 
gentially placed bundles (Fig. 7). 
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The remaining bundles in the floral tube represent the vascular 
supply to the stamen, labellum and the two lateral staminodes. 
Above the level of separation of the three petals there is a short tubular 
structure containing a large number of vascular bundles arranged in 
one series at some places and in two series at-other places (Fig. 10). 
This tube separates out into an anterior labellum and a large posterior 
structure whose margins overlap those of the labellum (Fig. 11). Each 
of these structures contains a large number of vascular bundles. This 
posterior structure divides into a median stamen and two lateral 
staminodes (Fig. 12). The flat filament receives three pairs of bundles, 
while the lateral staminodes receive a large number of vascular strands. 
The paired arrangement of the six bundles entering the stamen is visible 
from a much lower level in the corolla tube (Fig. 10). Each pair is 
the result of the division of a bundle. The two bundles that result 
twist through 45° in such a way that the two xylem portions stand near 
and opposite each other (Fig. 12). 


The staining reactions of the three petals are different from those 
of all the other floral parts. The labellum has a thick anterior portion 
and thin margins. The margins partly overlap those of the stamen. 
fhe thick median portion of the labellum contains a large number of 
vascular bundles almost irregularly scattered, while the thin but quite 
prominent margins are only sparsely vasculated (Fig. 12). Towards 
the tip, the labellum develops a median, anterior groove, which 
gradually deepens upwards and ultimately divides it into two lobes. 
Within the stamen, one bundle of the median pair gets gradually reduced 
in size and disappears almost completely at the level of the anther 
(Fig. 13). Its sister bundle simultaneously twists in such a way that 
the xylem points inwards. Thus the filament at this level contains a 
single median bundle, with a pair of bundles on either side. In the 
upper part of the connective, the two bundles of each pair again come 
together closely. At the same time they twist slightly so that the xylem 
points obliquely inwards. Ultimately the members of each pair fuse 
into a single strand (Fig. 14), so that altogether only three bundles 
persist at this level. In the upper half of the anther the median 
vascular bundle forks into two, but one of the branches disappears 
early. - The other branch fuses with a lateral bundle and the two lateral 
bundles then disappear a little distance beneath the tip of the anther. 
As has been explained above, the stylar canal is surrounded by six 
vascular bundles (Fig. 8). Of these, three come to lie on the posterior 
side in a tangential row, while one is on the anterior side. The two 
remaining ones are minute and occupy a lateral position. Towards 
the terminal portion of the style the two small lateral bundles dis- 
appear (Fig. 10). Still higher up, even the four remaining bundles 
get gradually reduced in size. The middle bundle of the group of three 
on the posterior side either fuses with one of the lateral bundles or 
fades out without this fusion, so that at this level the stylar canal is 
surrounded by three bundles only (Fig. 14), and these three are those 
branches which have arisen from the anastomosing vascular plexus 
above the ovary in positions opposite the median bundles of the carpels. 
The stigma is more or less funnel-like, ending in one large and one 
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small lobe. The anterior vascular bundle of the style disappears in 
the small lobe, while the other two fade out in the basal portion: ‘of 
the panes lobe: - 


Alpinia_ vittata BULL. 


“Céilys tubular, three-toothed; corolla tubular, ending in three un- 
equal lobes; lateral staminodes absent; andrecial whorls represented. by — 
a large labellum and the fertile stamen. Ovary three-celled, at least in 
the basal half; ovules many; epigynous glands are present on the anterior 
side in the form of five to six lobes. 


In the peduncle there are two rings of vascular ‘hhilod “with 
eight bundles in the outer ring and four in the inner. Ata slightly 
~ higher level the number of bundles is reduced to six in the outer ring 
_by fusion of two with adjoining ones. At the same time, the number 
of bundles in the inner ring increases to six through a bifurcation of 
two.out of the four (Fig. 15). Out of these six, three are small and 
alternate with three larger ones. The bundles of the outer: ring alternate 
with those of the inner. The three smaller bundles of the innér-ring 
move outwards and run higher up as the dorsal bundles of the carpels. 
The alternating large strands are “‘ placento-parietal’’ bundles. Between 
the small bundles (that function higher up as dorsal bundles) and the 
epidermis there is a parenchymatous ray-like portion composed of 
small radially elongated cells (Figs. 15-20). Each of the outer six 
bundles divides into two or three so that about fifteen to eighteen bundles 
now constitute the outer ring (Fig. 16). One bundle on either side 
of the parenchymatous ray-like portion sends radially outwards a trace 
(Fig. 17). These run into the calyx as lateral bundles above the level 
of the ovary. Some of the other bundles of this ring.send branches 
even towards the inside. 


The loculi of the carpels begin to appear at this level to von ie ; 
of the three dorsal bundles of the carpels referred to above. Even 
before the loculi are formed the three placento-parietal bundles join 
with each other for a short length by their margins, but again separate 
out. Simultaneously with this, each one of them divides into an outer 
parietal and an inner placental bundle. The three placental bundles 
partly fuse into a central triradiate strand (Fig. 17).- The parietal ~ 
bundles (marked P in Fig. 17) travel radially outwards, alternating | 
with the dorsal bundles, and run in the ovary wall opposite the septa. 


In the observed specimens the ovary is trilocular at the base with 
subaxile placentation. The ovary wall contains the dorsal bundles 
of the carpels, three large parietal bundles alternating with these and 
some other small ones. In the centre is a triradiate placental strand. 
This placental bundle breaks up chiefly into a central and three peri- 
pheral bundles (Fig. 18). The latter run higher up about the middle 
of the septa and send lateral branches into the ovules of the adjacent 
loculi (Fig. 18). The ovules do not arise strictly from the axile posi- 
tion but more or less from the sides of the septa and hence the placenta- 
tion is described as subaxile (Fig. 18). The central strand sends a 
branch into an ovule of one of the loculi and fuses for a short length 


, Fics. 15-24. Alpinia vittata. 
St, staminal traces. A, & Az, double _strands of the labellum. ire 


explanation of other abbreviations please refer to the legend of Figs. 1-1 
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with one of the placental bundles in the septa. Subsequently, how- 
ever, it gets separated and disappears gradually. It is the three bundles 
lying in the septa that chiefly supply the ovules in the lower as well.as 
in the upper portion. In the upper part of the ovary, on account of 
the disjoining of the septa in the centre, there is only one loculus with 
three parietal projecting placentas (Fig. 19). The placental bundles 
are completely exhausted in supplying the ovules. Towards the tip 
of the ovary a bundle on either side of each dorsal trace stands out more 
prominently than the rest and travels to a position slightly nearer and 
towards the inner side of the dorsal trace. The dorsal bundles travel 
outwards, and along with a few others lying in the ovary wall, supply 
the three sepals. The dorsal bundles serve as the midrib traces. At 
the top of the ovary and after. the loculi have closed up, the vascular 
bundles are seen to occur in two rings. The outer ring contains the 
sepal supply. In the inner ring are three large parietal bundles and 
three pairs of bundles that stood opposite to the dorsal traces, Each 
of these pairs fuses more or less into one strand. Simultaneously with 
this, the parietal bundles establish extensive vascular connections with 
these, to form an irregular ring of vascular tissue (Fig. 20). In the 
centre is the V-shaped stylar canal formed after the closing of the loculi 
of the ovary. 


The irregular vascular plexus gives rise at its upper end to traces 
in three rings (Fig. 21). The outermost of these, containing 16 to 18 
bundles (standing just to the inside of the calyx bundles), represents 
the vascular supply of the three petals, labellum and the stamen. 
There are three prominent bundles (marked St in Fig. 21) standing 
slightly to the inside, on the posterior side. These three are the 
staminal traces that enter the filament higher up. Of the remaining 
bundles of this ring, six to eight on the posterior side enter a petal at 
a slightly higher level. A bundle directly opposite the stamen func- 
tions as the midrib (Fig. 23). Some bundles on the lateral sides, travel 
outwards and supply the two other petals. The remaining traces on 
the anterior and lateral sides supply the labellum (Figs. 23, 24). The 
middle ring is incomplete on the posterior side and hence roughly arc- 
like in form (Fig. 21). It supplies the epigynous glands (Fig. 22). The 
innermost ring contains only three bundles (Figs. 21 and 22). These 
surround the stylar canal and run into the style. These stand exactly 
to the inside of the dorsal bundles of the carpels which travel into the 


calyx. 


The bundles supplying the labellum are unequal in size. A bundle 
on either side of the mid-anterior line (marked A, and A, in Fig. 22) 
is larger than the others at the base, but higher up becomes smaller. 
Just above the level of insertion of the labellum each of these splits 
into two very closely placed strands which twist in such a way that the 
‘two xylem portions are very closely apposed and the bundles are placed 
almost tangentially (Fig. 23). Higher up one or both of these traces 
may become concentric with central xylem. A similar splitting may 
also be exhibited by a few of the marginal bundles. Towards the upper 
portion of the labellum, on the inner surface, there is a deep median 
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notch with a shallow but wider one on either side (Fig. 24). The 
1abellum ends in five minute teeth, each of which receives a vascular 
bundle. The other bundles disappear in their upward transit. 


The three staminal traces have the usual collateral structure in 
the basal portion of the floral tube. Higher up each of the lateral 
ones divides first into two tangentially placed bundles with their xylem 
apposed, but subsequently a further division takes place forming four 
bundles arranged in a ring, with their xylem pointing towards a common 
centre (Fig. 23). One of these four often fuses with an adjoining one 
and only three bundles remain. These three fuse together more or 
less into a single strand at a higher level. The middle bundle of the 
stamen divides into three tangentially placed bundles (Fig. 23). The 
central one of these is small and concentric. The bundle on either 
side of this is larger and the xylem is directed towards the central. 
strand. The latter fuses subsequently with one of the lateral bundles, 
so that in this region only two bundles are present (Fig. 24). Thus 
the connective at this level comes to contain four bundles, two on 
either side of the median line. No separate traces are sent towards 
the anther but near its apex one of the marginal bundles may give out 
a small branch towards the margin. The connective is prolonged as 
a flat structure even above the anther. In this region, each of the 
two central bundles divides into two, so that altogether there are six 
— Higher up these fade out, the marginal ones disappearing 

rst. 


The epigynous gland is in the form of acrescentic structure sur- 
rounding the style, and receives a large amount of vascular tissue 
(Fig. 22). This vascular supply branches in the gland irregularly and 
profusely, the branches running into small projections towards the 
outside as well as towards the inside. The crescent-shaped structure 
ends in six to seven lobes, each lobe receiving a large number of branch- 
ing traces. In the centre of each lobe is a prominent bundle that gives 
out a number of branches all round. 


As already mentioned, the style receives three small traces. These 
surround the stylar canal which becomes cleft-like at higher levels 
(Fig. 24). The stigma is roughly in the form of a funnel, but with 
the posterior side very thick and the anterior one thin. One of the 
three bundles fades out in this thin region. The thicker side receives 
the two other bundles. 


Hedychium coronarium K@NIG 


Calyx tubular, three-toothed; corolla tube long, slender ending in 
three spreading lobes; one perfect stamen with flat filament and connec- 
tive; lateral staminodes two; labellum large, bifid; glands two, epigy- 
nous; ovary inferior three-celled with many ovules on axile placentes; 
style filiform. 

In the axis beneath the ovary there are two rings of vascular tissue, 


- an outer one of 9 to 12 bundles and an inner one of six. The strands 
of the inner ring divide into small bundles, varying in number, during 


Fics. 25-39, 
. 25-35. Hedychium coronarium—C, petal midrib bundles. Sty, 
style. abbreviations as before. Figs. 36-39. Abnormal flower of 
He coronarium.— Abbreviations as in Figs. 25-35, 
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their upward transit, while the outer ones increase to about 18. Three 
equidistant strands from the inner ring travel radially outwards and 
join the outer ring (Fig. 25). All the bundles of the outer ring run 
in the ovary wall, with the latter three functioning as the dorsal bundles 
of the carpels. In addition to the dorsal bundles, a few more branches 
are also given out from the inner strands for the ovary wall. 


The bundles of the inner ring divide a number of times and form 
many of scattered strands in the centre (Fig. 26). The lower limit of 
the loculi is about this level. These scattered traces fuse partly among 
themselves, and form (1) an axile strand; (2) three placental bundles 
surrounding this and opposite the loculi; and (3) three other larger 
bundles alternating with the latter, and placed at the inner ends of the 
three septa (Fig. 27). The three placental bundles opposite the loculi 
give ovular traces for the ovules. It is seen that sometimes there are 
two ovules on the same funicle. Occasionally the axile strand is also 
seen sending branches to the ovules. This strand subsequently fuses 
with one of the outer, and all the placental bundles are then exhausted 
in supplying the ovules. The three bundles which at the base are 
lying at the inner margin of the septa, travel gradually radially out- 
wards and come to lie at the outer ends of the septa. These are here 
referred to as the “‘parietal bundles”” and they sometimes bifurcate 
at the tip. At the top of the ovary, the line of fusion of the three septa 
is also quite clear. At a slightly higher level the loculi meet in the 
centre forming a V-shaped hollow stylar cannal. The two arms of 
this are continuous with the loculi of the two postero-lateral carpels. 


Near the top of the ovary the parietal bundles and the lateral 
bundles of the carpels (bundles of the outer ring, and running in the 
ovary wall) form an extensive anastomosis, thus giving rise to a broad 
ring of vascular tissue (Fig. 28). The dorsal bundles of the carpels 
(marked D in Fig. 28) become smaller, travel upwards and become 
sepal midribs. From the anastomosing plexus, outward branches 
are given out which become the lateral bundles of the sepals. Thus 
when the calyx tube (made up of three united sepals) separates from 
the floral axis, each sepal receives a midrib bundle and four to six small 
lateral bundles. 


From the same anastomosing plexus three inward branches are 
given out which lie radially opposite the three dorsal bundles (Fig. 28). 
These run in the style and surround the stylar canal. Just external 
to this stylar canal are three bundles received into the style from the 
anastomosing plexus in positions corresponding to those of the dorsal 
bundles. A short distance beneath the stigmatic portion, the anterior 
bundle fades out. The two postero-lateral bundles continue further 
up almost up to the tip of the stigma and then fade out (Fig. 35). 


The rest of the vascular tissue of the anastomosing plexus breaks 
up into a number of vascular strands. Of these, three, alternating 
with sepal midribs, become the petal midribs (marked C in Fig. 29), 
There are two prominent aggregations of vascular tissue in an antero- 
lateral position (Fig. 29), and these supply the two glands. Within 
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each gland the vascular tissue gives out all round a number of short 
branches which fade out (Fig. 30). The rest of the strands derived 
from the anastomosing plexus supply the members of the andreecium. 


Thus, at this level (Fig. 30), there is the style in the centre, two 
glands on antero-lateral sides, a floral tube representing the bases of 
petals and andreecial members, and the calyx tube standing to the 
outside. The floral tube contains a number of bundles, with the three 
petal midribs standing slightly to the outside (marked C). Of these, 
three lying in a tangential row on the posterior side, supply the stamen 
(marked St) along with some other smaller ones. The middle one of 
these three is small. Some of the other small traces supplying the 
stamen form roughly an outer row, while a few others lie on the same 
tangential row as these three (Fig. 31). 


The rest of the floral tube contains a number of traces and the 
petal laterals are derived from these. The floral tube is quite long, 
and the petals are inserted much above the sepals. Each petal receives 
a midrib and a few lateral bundles. 


The bundles standing to the inside of the petal supply become 
almost scattered and these go to supply the andreecium (Figs. 31 and 
32). The andrecial elements are four in number, namely the stamen 
on the posterior side, two lateral staminodes, and a large, bifid anterior 
labellum. They separate from the floral tube immediately above the 
insertion of the petals. Each of the andrceecial members receives a 
large number of strands, without any regular arrangement (Fig. 32). 
In the labellum (marked Lb in Fig. 32) there is a tangential row of 
vascular bundles near the inner surface, and without any prominent 
midrib. On either side of the median part of the labellum, towards 
the margins, there is also an outer row of small traces. Thus the label- 
lum in its basal part contains two rows of bundles, the outer one being 
discontinuous in the median portion (Fig. 32). At a slightly higher 
level, the outer row becomes continuous as branches from the inner 
as well as outer row are sent towards the central part. Thus two defi- 
nite rows of bundles are formed. The labellum is bifid at the tip, 
each lobe receiving a number of strands. By disappearance of some 
bundles and by change of position of others, only one row of strands 
is seen in each lobe. These behave in the usual manner towards the 
3 2 ah 

The stamen receives a number of bundles arranged chiefly as two 
ares, an outer one of very small bundles and an inner one of larger 
bundles (Fig. 32). The three major bundles already referred to are 
in the inner arc. The two lateral bundles have at first the xylem 
directed towards the median bundle. These become often double 
with the xylem of the two strands facing each other, the bundles being 
tangentially placed (Fig. 33). Near the connective, some of the bundles 
of the outer arc fade out, while others fuse with those of the inner arc, 
so that the filament at this level contains only one arc of seven vascular 
bundles. The lateral pairs may for some time fuse together, thus 
reducing the number of strands to five. At the base of the connective, 
the marginal bundles enter the anther lobe on its side and immediately 
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give a downward branch to the base of the free lower half of each anther 
lobe (Fig. 33). The marginal bundle itself then continues upwards 
in each anther lobe. Sometimes a marginal bundle is ‘seen to fuse with 
the double strand and the latter may send an anther lobe trace. In 
the upper portion, the anther lobe strand may also bear one or two 
short lateral branches. Usually in each anther lobe two traces are 
present (Fig. 34). Each double bundle of the connective lying on 
either side of the median one bears a branch towards the inside and 
slightly towards the median line (Fig. 34). This runs upwards in the 
connective. The double bundle may also give out a small branch which 
fuses with the small median one. In the terminal part of the con- 
nective, the median bundle bears a branch on either side. The double 
bundles also divide, giving altogether about eight to ten bundles arranged 
in a row (Fig. 35). These fade out at the tip, usually after a fusion of 
adjoining ones. 


Each of the two lateral staminodes receives a large number of 
scattered bundles in its basal thick portion (Figs. 31 and 32). Three 
of these in the centre are slightly larger (Fig. 32). The rest are chiefly 
in the form of a ring, running internal to the surface. Of the central 
three, the middle one becomes prominent, behaving somewhat like a 
midrib. The staminodes become flat in the distal portion. Their 
bundles are first arranged in two rows, but these form higher up only 
one row. They fade out at the tip in the usual manner. 


Vascular anatomy of an abnormal flower of Hedychium coronarium. 


One of the buds sectioned showed a bilocular ovary. The septum 
in this was placed in the antero-posterior plane, with the placentas 
arising on either side of it in the centre (Fig. 36). In the posterior 
part of the septum is a “parietal bundle” in’ the normal position 
(marked PI in Fig. 36). This half of the septum is present also in the 
normal flowers in the same position, where one loculus is anterior and 
the other two, postero-lateral. Thus, one septum is posterior and the 
other two, antero-lateral. The septum on the anterior side in the 
abnormal flower is unusual in position, and is the result of the com- 
plete suppression of the anterior loculus of the ovary. This is proved - 
by the fact that in the ovary wall, in the antero-lateral positions, the 
two other parietal bundles are also present (marked P,, P, in Fig. 36). 
In normal trilocular ovaries opposite these bundles also, there are two 
septa. The non-development of the anterior loculus has resulted in 
an enlargement of the two other loculi, so that they are apparently 
lateral in position. This same enlargement of the two loculi, as a 
consequence of the suppresssion of the third loculus is also responsible’ 
for the fact that two dorsal bundles are not in the median bifurcating 
line of each loculus, but to one side (marked D, and D, in Fig. 36). 
This is due to the enlargement of the two loculi on the anterior side. 
The bilocular condition is here interpreted as due to a complete sup- 
pression of the anterior loculus and the approximation in the mid- 
anterior line of the two lateral septa through an enlargement of the 
two other loculi. The two loculi here are of equal size. If it is a fusion 
of the anterior loculus with the two others, there should be only one 
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crescent-shaped loculus in the ovary. If the anterior loculus has fused 
with only one of the two lateral loculi, there should be one large and 
one small loculus. The occurrence of the two loculi of equal size 
with the septum in the antero-posterior line is sufficient indication 
for the complete suppression of the anterior loculus. The shifting 
and fusion of two septa is ontogenetical, and has not interfered with 
the bundles of the ovary wall. For example, the parietal bundles are in 
the usual places. The two lateral septa have slided as it were to the mid- 
anterior line. The dorsal bundle of a carpel on the anterior side 
(marked D, in Fig. 36) is also in its place, but opposite this is a septum 
instead of a loculus. This anterior part of the septum, however, does 
not show any anatomical proof of the fusion of two septa. The various 
vascular bundles of the ovary wall as well as the initial organisation 
of the placental bundles is the same as in normal buds. The anterior 
placental bundle, however, is reduced very much in size, specially in 
the ovuliferous zone, and can be regarded as vestigeal. Above the 
ovuliferous zone the two loculi communicate with each other and from 
a V-shaped stylar canal, with the arms of the V pointing towards the 


. posterior side. The style receives only two bundles corresponding in 


position with the dorsal bundles of the functional carpels (Fig. 37). 


In this abnormal flower, the gland is solitary and is completely 
attached to the style on its anterior side (Fig. 37). In this region of 
attachment, the parenchymatous tissue of the style and the gland are 
continuous with each other, and they have the same appearance. This 
glandular part receives a large amount of vascular tissue (Fig. 37) 
derived after an anastomosis of the antero-lateral parietal bundles and 
a few other bundles of the ovary wall. Higher up, the gland separates 
itself from the style. Its vascular tissue, which is roughly in the form 
of a flat plate, gives a number of branches all round (Fig. 38). At 
this level, sections clearly show inward projections on the epidermis 
of the gland at seven or eight places giving an indication of a lobing 
of the gland (not shown in the figures). The lobes, however, are very 
closely appressed. Still higher up the vascular tissue of the gland 
breaks up into a number of small scattered strands and the lobing 
becomes less prominent, or even completely disappears. The bundles 
of the gland are gradually reduced towards the tip and ultimately the 
gland ends in two distinct lobes, one of them being smaller than the 
other (Fig. 39). All other features are as in the normal flower. 


Costus speciosus SMITH 


Calyx short, funnel-shaped, three-toothed; corolla-tube short, ending 
in three unequal lobes; functional stamen one, with petaloid filament 
and contiguous, linear anther cells attached in its middle; lateral stami- 
nodes absent; Jlabellumn large; ovary three-celled; ovules many, on 
axile placentas. 


In the floral axis, beneath the ovary, there is a group of deeply 
staining scattered vascular bundles in the centre surrounded by a set 
of vascular bundles arranged roughly in the form of a ring. Of the 
scattered central strands, three outer equidistant ones are large (Fig. 40). 
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Fics. 40-44. Costus speciosus. Abbreviations as in the preceding figures. 
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These three run higher up about the middle or near the inner ends of 
the three septa of the ovary. At this level the thalamus in transverse 
section appears somewhat lenticular. A vascular bundle arises from 
each side of the central group and runs towards the two angles of the 
thalamus, taking a position just to the inside of the bundles of the 
outer ring (Fig. 40, D). These two strands function as dorsal bundles 
of two of the carpels. The dorsal bundle of the anterior carpel also 
arises from the central group, but it is not clearly marked out from 
the others at this level. It becomes distinct only higher up at the level 
where the three loculi of the ovary become visible. There is a large 
bundle at the inner end of each septum, and this corresponds to the 
“parietal” bundles described in the previous species. These have, 
at this level, a collateral structure but with the xylem somewhat flat- 
tened tangentially and with margins of the xylem plate curving . more 
or less outwards (Fig. 41). Opposite each of these three bundles, the 
outer ring of traces dips slightly inwards. There is, however, no 
external groove or depression. The central scattered bundles fuse in 
groups to form three large placental bundles opposite the loculi 
(Fig. 41). Just above this level, the outward curving of the margins 
of the xylem plate of the large bundles opposite the septa increases, 
and ultimately these strands become amphivasal (Fig. 42). The two 
rows of ovules in each loculus receive vascular traces from the corres- 
ponding placental bundles. After supplying a number of ovules, each 
placental bundle for a time becomes a hollow cylinder with central 
parenchyma, but almost immediately gets broken up into a number 
of small strands arranged as one group (Fig. 42). Thus there are 
three groups of bundles. The ovular traces continue to be given out 
even after this breaking up of the placental bundles. At this level, 
the three bundles in the septa are fully amphivasal in structure. The 
ovular traces that arise from the placental bundles travel obliquely 
upwards to supply the ovules. 


After the departure of all the ovule traces, but before the loculi 
have come to a close, the three groups of scattered placental bundles 
merge into one another, so that the centre of the floral axis comes to 
be occupied by only one group of numerous vascular strands. This 
central area now becomes a crater with numerous finger-shaped 
glandular processes projecting into it (Fig. 43). These are supplied 
by the scattered bundles already mentioned. In the lower portion 
of this crater, these fimbriate processes are clearly seen to be disposed 
in three groups, one opposite each septum. The processes of different 
groups are almost dovetailed so that the crater does not appear as a 
large cavity but as a branching fissure, because the fimbriate projections 
arise in three groups, each with a broad base. The fissure appears in 
sections as more or less triradiate, but with each arm having secondary 
canals (Fig. 43). The surface layer of the finger-shaped processes 
is epithelial in nature with columnar cells having very prominent nuclei. 
These three groups can be considered as three glands developed in the 
central position and each having a number of glandular processes 
richly vascularised. Two of these glandular areas get separated from 
he peripheral tissue while the third one remains continuous with the 
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latter (Fig. 44). Still higher up the finger-shaped processes of this 
third gland, which is posterior in position, fuse with the side opposite, 
its scattered vascular bundles travel to the central or axile portion, 
and its glandular nature is completely lost (Fig. 45). At this level, 
therefore, only two glands persist. The bridging over of the central 
fissure by the tissue of the third gland results in two cavities, each con- 
taining outgrowths, but into each of these, the processes project from 
the central tissue outwards, instead of from the outside towards the 
centre, as at lower levels (Fig. 45). The vascular bundles of the 
posterior gland gradually disappear. The two glands get fully sepa- 
rated from the entire surrounding tissue and occupy two - cavities 
(Fig. 46). They still contain prominent vascular bundles supplying 
the glandular branches. The free portions of these two glands, how- 
ever, are short. The glandular tissue in this plant thus appears more 
or less above the ovary. The cavities containing these two glands are 
continued upwards in the form of two empty canals that open at the 
upper end into the space surrounding the style. 


Towards the upper limit of the loculi, each loculus communicates 
on the inside with a narrow tangentially flattened canal that runs 
upwards. These canals run ata slightly higher level towards the centre 
and fuse to form a triradiate stylar canal. At about the level where 
the two glands come to an end the three dorsal bundles of the carpels 
travel towards the centre, and stand just to the outside of these canals 
(Fig. 46). These run in the style. The stigma has the form of a flat- 
tened funnel. Two of the bundles of the style run into the posterior 
side of the stigma, while the third runs into the anterior side. The latter 
disappears early. Just beneath this chief stigmatic region, the tip of 
the style bears on the posterior side, a small upward flap attached by 
its lateral margins. Sometimes this flap is partly longitudinally divided 
in the middle into two portions. Small traces from the posterior 
bundles of the style are sent into this flap (Fig. 51). 


Up to its middle, the wall of the ovary contains a single ring of 
vascular bundles (Fig. 41), but at the level of the ovuliferous zone, 
most bundles of this ring give out branches which run slightly to the 
outside, and two irregular rings of vascular bundles are formed 
(Figs. 42 and 43). All these bundles in the ovary wall supply the 
calyx. 


The three bundles which run in the septa lose their amphivasal 
nature towards the top of the ovary and become flat collateral bundles 
(Fig. 45). These give out on either side a number of irregularly branch- 
ing anastomosing strands (Fig. 46). The anastomoses stop at a slightly 
higher level leaving a number of bundles in the form of roughly two 
rings (Fig. 47). This is the level of the short column of tissue above 
the ovary. At this level the section shows a deeply staining central 
tissue, which contains the stylar canal surrounded by its three vascular 
bundles; slightly to the outside are the two empty canals which contain 
at their bases the two epigynous glands; and further to the outside 
i.e., at the periphery of this deeply staining tissue, are a number of 
deeply staining vascular bundles, roughly in two rings, derived from 
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Fics. 49-51. Costus speciosus (Contd.) 


the branches of the three bundles of the septa. These two rings repre- 
sent the vascular supply of the petals, labellum, and the stamen. The 
zone outer to these is faintly staining and contains two rings of 
vascular bundles which supply at a higher level the sepals (Figs. 47, 48). 
Of the two rings of deeply staining bundles, the outer one supplies the 
three petals (Fig. 48). The inner ring is made up of the bundles that 
supply the labellum and the stamen. The midrib bundles of the three 
petals occupy the same position as the three bundles opposite the septa 
of the ovary and are apparently the upward attenuated. continuations 
of the same. It is interesting to note that the staining reactions of the 
petals, labellum, stamen and the style traces are the same, while those 
of the calyx traces are different. The bases of the labellum and the 
stamen remain fused for a short distance even above the insertion of 
the petals (Fig. 49). These two structures receive a large number of 
vascular bundles. The broad stamen is opposite one of the petals 
and has a comparatively prominent vascular bundle running in the 
centre, with a large number of marginal bundles. The median bundle 
of the stamen runs in the connective Proper. The latter is continuous 
on either side with a sterile flat margin, which is free from the anther, 
but contains vascular strands (Fig. 50). In other words, the anther 
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is linearly attached about its middle to a flat structure (connective), 
which is wider than the anther. The stamen shows an external ridge 
opposite the connective, with a smaller ridge on either side. In each 
of these lateral ridges also there is a vascular bundle. The bundles 
in the connective as wel! as the two bundles in the ridges on either side 
continue to run in the petaloid portion of the stamen above the level 
of the anther along with the other lateral bundles. Towards the apex 
of the stamen, the usual fusing and fading out of the bundles occurs. 


DISCUSSION 


Calyx and corolla—tThe floral axis beneath the ovary in all the 
investigated plants contains an outer and an inner set of bundles. In 
Curcuma inodora, Alpinia vittata and Hedychium coronarium, the outer 
set supplies the margins of the sepals. The dorsal traces of the carpels, 
which in all species are derived from the inner set of bundles of the floral 
axis, run as sepal midribs. In Costus speciosus, the midrib as well as 
the marginal bundles of the sepals are derived from the outer set of 
vascular strands. (In this case, the dorsal bundles of the carpels run 
straight into the style, while in the other three plants, the style receives 
strands in positions corresponding to the dorsal strands, but not the 
dorsal bundles themselves.) The inner bundles of the floral axis give 
rise to the vascular supply of the corolla, andreecium, gynecium and 
the glands. 


On the top of the ovary there is usually an extensive anastomosis 
of a number of bundles of the ovary wall, especially the parietal bundles. 
A number of separate strands emerge after the anastomosis. In Costus 
speciosus these supply the members of the corolla and the androecium 
while in the other plants investigated, they supply also the epigynous 
glands and the style. In the former plant the placental bundles them- 
selves supply the glands, and they do not enter into the anastomosis 
occurring at the top of the ovary. 


Functional stamen.—In Curcuma inodora, Alpinia vittata and 
Hedychium coronarium the vascular supply to the stamen is derivable 
from three traces, some or all of which divide into two tangentially 
placed xylem-apposed bundles. The forking of these traces can be 
taken to represent a dichotomy, thus conforming to the conception 
of the sporophyll as arising primarily from a palmately_ three-veined 
flat structure. In Hedychium coronarium, in addition to the three 
prominent bundles, the stamen also receives a number of other small 
strands. In Costus speciosus a large number of bundles enter the 
stamen, and of these, the median one functions as a midrib. Even in 
this plant, three bundles stand out more prominently than the others 
in the connective region. The occurrence of many bundles in the 
stamen has also been reported by Thompson (1933) in Ravanala mada- 
gascariensis of the allied family Musacee. He expressed the view that 
this elaborate vascular system has no phylogenetic significance but is 
merely the accompaniment of the massive filament. ; 


Labellum and the glands.—The interpretation of the epigynous 
glands of Zingiberacee has been a subject for discussion for a long 
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time. Brown (1830) considered the two antero-lateral epigynous 
glands and the posterior stamen to form the inner andreecial whorl. 
The two epigynous glands of Elettaria are described by Gregory (1936) 
as being composed mainly of glandular tissue and devoid of a well 
marked vascular supply. He considered that they are not organs of 
any morphological significance, but are merely “epidermal appendages” 
of the ovary. The epigynous glands of Curcuma inodora, Alpinia vit- 
tata and Hedychium coronarium occur in the same corresponding posi- 
tion, but they cannot be simply interpreted as epidermal appendages. 
They are very richly supplied with vascular tissue. Thompson calls 
the epigynous glands of Zingiberacee as stylodes (1933, 1934, 1936). 
He believes that when epigynous glands are formed, they should receive 
a serious consideration as members of a spiral succession, their final 
state and position being determined as the flower is enlarged. He 
states (1936, p. 10) that in Curcuma, epigynous glands are absent but. 
this is obviously a wrong statement. Raghavan and Venkatasubban 
(1941) found some abnormal flowers in Alpinia calacarata with two 
stamens. The extra stamen was in place of one of the antero-lateral 
glands, while the other gland was in its usual place. From this they 
concluded that the two glands and the stamen constitute the inner 
whorl of the androecium and regarded the glands as metamorphosed 
stamens, 


The interpretation of the epigynous glands of Zingiberacee is 
very closely linked up with that of the labellum. The questions involved 
are whether the antero-lateral glands are modified parts of the andre- 
cium or not; and whether the labellum is a single, or double, or triple 
structure. Hence, a consideration of the andrecial members, and 
specially of the labellum deserves to be taken first. If the labellum 
is to be regarded as a single structure as was suggested by Brown (1830) 
it should be considered as belonging to the outer whorl, because it 
alternates in position with the petals. The labellum and the two 
postero-lateral staminodes, when present, then become the outer andre- 
cial whorl as they alternate with the petals. In such a case, the inner 
whorl must be considered as formed by the stamen and the two antero- 
lateral glands. If the labellum is considered as a double structure 
formed of two antero-lateral members, it must belong to the inner 
whorl, along with the stamen. Then the outer whorl must consist of 
two postero-lateral staminodes (which may or may not be present) 
and an anterior member which is always suppressed. This is the view 
of Payer (1857), Van Tieghem (1871) and Rendle (1930). With this 
interpretation some other explanation must be found for the two 
epigynous glands. The position is almost the same if the labellum is 
considered a triple structure as was done by Gregory (1936). Then 
the anterior member of the outer: whorl is not to be regarded as absent, 
but is to be considered as represented by the median portion of the 
labellum. The two margins of the labellum and the stamen then form 
the inner whorl. In spite of differences in other aspects, both Gregory 
and Thompson agree on the point that the median part of the labellum 
(primordium 8 for Zingiber as given by Thompson) and the postero- 
lateral structures (primordia 9 and 10) belong to the other whorl, while 
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the fertile stamen (primordium 12) and the two margins of the labellum 
(primordia 1i and 13) belong to the inner whorl. 


Gregory’s views (1936) are based on the evidence of the vascular 
anatomy in Elettaria cardamomum. His observations can be sum- 
marised as follows. In the pedicel there are three central bundles and 
nine peripheral sepal traces in groups of three each. The central group 
supplies the ovules, divides, and gives rise to a number of bundles that 
ultimately supply the petals and the inner staminal whorl. The latter 
is composed of the two margins of the labellum and the stamen. The 
calyx traces are said to give rise also to the traces for the upper staminal 
whorl composed of the middle part of the labellum and the two stami- 
nodes. Theorigin of the traces for the two staminal whorls is thus 
different, one whorl receiving its supply from the outer ring of bundles 
in the pedicel, while the other whorl gets it from the inner group. In 
none of the plants studied by the authors is this condition seen. The 
vascular supply to the calyx has nothing to do with the andrcecium. 
According to Thompson (1933) in Zingiber officinale, the primordia 
that arise after the andreecial primordia (which are 8, 9, 10, 11, 12 and 
13) are 14, 15 and 16 (described as the first stylar components) which 
correspond in position to the dorsal sutures of the three carpels. Pri- 
mordia 17, 18 and 19 (described as additional stylar components) 
correspond to the septal positions or the positions of the parietal 
bundles. In his Fig. 103 (Thompson, 1933), primordia 18 and 19 cor- 
respond exactly to the positions of the two epigynous glands, which 
are antero-lateral. He calls them stylodes and says that they are 
associated with stylar components. Even in Globba racemosa and 
Elettaria cardamomum, it is emergences 18 and 19 that become the 
epigynous glands, or the so-called stylodes. These are the final emer- 
gences in a spiral succession. Thompson agrees that the stylodes are 
generally glandular, and known sometimes as nectaries. Even the 
earlier writer Payer (1857) concluded that the two epigynous glands 
of Alpinia are the last organs to appear. Baillon (1876) held a similar 
view for the epigynous glands of Zingiber. 


The glands of Costus speciosus seem to throw considerable light 
on this problem and will be considered first. In this plant, the glands 
are clearly three in number at the base, each being composed of a 
number of branching finger-like processes. These are opposite to 
the septa in the upper part of the ovary above the ovuliferous zone. 
The gland on the posterior side, however, is comparatively small. The 
placental bundles in this species are not exhausted in supplying the 
ovules, but they run prominently upwards, branch and supply the 
glandular processes. The glands of Costus are described by Rendle 
(1930) as septal, but this statement requires a modification. They doubt- 
less arise from the septa in Costus, but their appearance is different 
from the usual conception of septal glands. Eames (1947) defines 
such glands as follows: ‘The septal nectaries or glands of many mono- 
cotyledonus flowers are pockets in the septal walls of syncarpous ovaries 
where the fusion of carpel walls is incomplete, and the epidermal cells 
are glandular. These glands may be simple, slit-like cavities or deep 
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pockets with canal-like passage ways to the surface of the ovary.” 
This is also the view of Rendle (1930). The finger-shaped processes 
of the glands of Costus speciosus are clearly borne on the inner ends 
of the septa at the apex of the ovary, and continued upwards. They 
are not slit-like cavities in the septa formed by incomplete fusion of 
adjacent carpel walls. It is advisable to regard these as modified 
terminal parts of the infolded margins of the carpels, and supplied right 
up to their apices by the upward continuation of the placental bundles. 
This view is also in conformity with the conception of the original 
carpel as a conduplicate palmately three-lobed structure, the midrib 
running into the median lobe and the two marginal veins running into 
the two lateral ones. In the basal undivided part of the carpel, ovules 
are borne on the inwardly projecting margins, while in the terminal 
part, the middle lobe becomes the style, and the margins of the in- 
- wardly projecting lateral lobes become glandular. 


With these facts in view, the other Zingiberaceez can now be consi- 
dered. The two epigynous glands of Curcuma inodora are antero-lateral 
in position and arise at a much lower level than that of the separation 
of the andreecial members. The placental bundles are exhausted in 
supplying the ovules and the glands are vascularised by the branches 
of the parietal bundles. The glands in Alpinia vittata also are epi- 
gynous, but are in the form of five or six lobes forming a crescentic 
structure extending in the anterior and antero-lateral sides. In Alpinia 
calcarata (Raghavan and Venkatasubban, 1941) and some other 
investigated species (Thompson, 1933) there are only two antero- 
lateral epigynous glands but there is no glandular tissue on the anterior 
side itself. In Alpinia vittata the glands are present not only in the 
antero-lateral position but also on the anterior side. In spite of this 
difference in the external morphology, the origin of the vascular supply 
to the glands of this species is on the same plan as in other members 
of Zingiberacee. The glands in all species are clearly homologous. 
In the abnormal flower of Hedychium coronarium described in the 
present account, the gland is also anterior in position at the base. The 
vascular supply to the glands of Al/pinia vittata is in the form of an arc 
on the anterior and lateral sides, and arises as in Curcuma inodora above 
the anastomoses of the parietal bundles. The minor differences in 
the vascular supply to the glands of these two plants are merely inci- 
dental and are caused by differences in the number of parts belonging 
to a gland. The glands of Hedychium coronarium resemble those of 
Curcuma inodora in being two in number, epigynous, and antero-lateral. 
Their vascular supply also arises from the anatomosing plexus of vascular 
tissue in positions corresponding to the two antero-lateral parietal 
bundles. Within each gland, there is a branching of the traces. If 
the epigynous glands of Curcuma, Alpinia and Hedychium are regarded 
as special vascularised emergences of the carpels, just as in the case of 
Costus speciosus, interpretation of the andrcecial whorls is easy. 
Primordium 8, which belongs to the outer andreecial whorl, is quite 
small and is only sometimes associated at a late stage with primordia 
11 and 13 of the inner andreecial whorl that develop into the labellum 
(Thompson, 1933). The labellum can therefore be regarded as.a double 
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structure developed from the two antero-lateral primordia 11 and 13, 
and along with the stamen, should form the inner andreecial whorl. 
The outer andrecial whorl is represented only by the postero-lateral 
staminodes (primordia 9 and 10). The anterior member of this whorl, 
namely primordium 8, is either completely suppressed, or merges during 
development with the primordia of the labellum. In any case it is 
very insignificant even if it is developed. The epigynous glands of 
Curcuma, Alpinia and Hedychium are developed from primordia 18 
and 19 and are far removed from the andreecium in developmental 
sequence. The last member of the andrecial whorl is developed from 
primordium 13. Hence, the two epigynous glands cannot be regarded 
as belonging to the andreecial whorls. They actually belong to the 
components of the gynecium. Thompson (1933) calls them as stylodes 
and says that they are associated with stylar components, The view 
propounded in the present paper is that these epigynous glands are 
special vascularized emergences of the carpels, and the structure of 
the glands of Costus speciosus, as interpreted here, strongly supports 
this contention. Support to this view is also given by the structure 
of the abnormal flower of Hedychium coronarium. In the normal 
flower of this species there are three carpels and three loculi. One 
septum is posterior while the two others are antero-lateral. It is in 
the same antero-lateral positions above the septa that the two glands 
are present. In the abnormal flower there are only two loculi, in a 
lateral position, with the septum running in the antero-posterior line. 
As has been explained already in the description of the abnormal 
flower, there is a suppression of the anterior loculus and the shifting 
of the two antero-lateral septa to the mid-anterior line, where they 
fuse into a single structure. The dorsal bundle of the anterior carpel 
is present, although its loculus is not developed. The gland of the 
abnormal flower is single at the base, slightly crescentic in form, and 
completely attached to the style. It is thus present not only in the 
antero-lateral region but also in the mid-anterior line. In the terminal 
part, however, the gland breaks up into two parts. In the normal 
flower, the two glands are present above the two antero-lateral septa. 
In the abnormal flower the septum is anterior in position and just above 
this, tissue of the single gland is also present. This proves that the 
position of the gland is related to the position of the septa formed by 
the carpels. When the septum is anterior in position, glandular tissue 
is developed above it. When the septa are antero-lateral, the glands 
are also antero-lateral. The septum in the abnormal flower onto- 
genetically develops by the approximation of the two antero-lateral 
septa on the anterior side. Corresponding with this feature, the gland 
divides at its tip into two parts. This correlation of the septal posi- 
tion of the glands is indicative of a relationship between these two. 
It is clear that the epigynous glands are more properly regarded as 
belonging to the gynecium. Additional support to this view is given 
by the fact that the gland in the abnormal flower in its basal part is 
intimately fused with the style. The stylar tissue and the glandular 
tissue here are not demarcated from one another and are similar, 


144 V. S. RAO, H. KARNIK AND K. GUPTE 


Thus, the Zingiberoidee and Costoidee resemble in essentials in 
the development of glands, and the dissimilarity is only superficial. 


It does not seem possible to use anatomical evidence as a con- 
clusive evidence to determine what members constitute the outer whorl 
and what the inner whorl of the androecium in Zingiberacee. This 
is due to the fact that the bundles for all members of the andreecium 
are formed simultaneously on the top of the ovary, and that too, 
usually after anastomosis of the parietal and other strands. Evidence 
on the andreecial whorls should thus come from other sources like 
ontogeny. In those cases where the number of the andrecial parts 
present is less than six, as in Costus speciosus, there are no bundles that 
can be interpreted as vestigeal or rudimentary. As shown already, 
the bundles of the ovary wall, chiefly the parietal bundles, supply the 
andrcecium in all investigated cases, whatever the number of staminodes, 
and hence it is also not possible to get conclusive proof of the fusion 
of different numbers. 


Gynacium.—Thompson considers carpels to be completely absent 
in the gynecium of Zingiberacee. The present authors stick to the 
classical view of the carpel, and find evidence still insufficient for the 
acarpous theory. There are three carpels, each with a number of veins, 
of which some are more prominent than the others—(1) a dorsal vein; 
(2) median lateral veins on either side, which may or may not be 
prominent; (3) a parietal vein on each side, running about the middle 
of each half of the carpel longitudinally, just where the carpellary 
margin is inwardly folded; and (4) two placental traces, representing 
the ventral or marginal bundles of the carpels. All the carpels are 
constructed on this general plan with minor modifications. 


In Curcuma inodora, Alpinia vittata and Hedychium coronarium, 
the dorsal bundles of the carpels function also as sepal midribs above 
the ovary. The three traces that surround the stylar canal in positions 
corresponding to those of the dorsal bundles are derived separately 
from an anastomosing plexus on the top of the ovary. Ordinarily, 
it is the dorsal strands themselves that run into the style, but in these 
three plants they are not the same. In Costus speciosus (sub-family 
Costoidez), the sepal midribs are quite distinct from the dorsal bundles 
of the carpels. 


The placentation in Alpinia vittata is peculiar in being “*sub-axile”’, 
The ovules do not arise strictly from the axile position corresponding 
to the carpellary margins, but more or less from the sides of the septa. 
The ovules are, however, supplied by the placental bundles only, which 
move into the septa to positions near the placentas. A sub-marginal 
origin of ovules has been reported also by Bailey and Nast (1943) in 
the Tasmania section of Drimys. The ovules in this genus are remote 
from the margin of the carpel, and are invariably attached between 
the median and the lateral veins. They are vascularised in part by 
extensions of the veinlets of the lateral systems, in part by extensions 
of the veinlets of the median system, and in part by strands arising 
from anastomosed branches of the median and lateral systems. In 
both Winteracee and Degeneriacee, according to Bailey and Nast 
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(1943) and Bailey and Swamy (1951), the ovules are borne on the 
morphological upper surface of the megasporophyll, between the 
lateral and the median veins, and remote from the margins of the sporo- 
phyll. The microsporangia are also not borne upon the margins of 
the microsporophylls. Bailey and Swamy emphasize that there is 
no conclusive evidence at present for inferring marginal attachments 
in ancestral argiosperms, rather than ventral and dorsal ones as in 
certain of the Pteridosperme. The Scitaminee among monocotyledons 
on many grounds is such an advanced family, and the Winteracee and 
Degeneriacee are such primitive dicotyledons, that the mere fact that 
ovules in Al/pinia vittata are not marginal in position but intra-marginal 
is not indicative of anything special as regards relationships, but any- 
way the similarity is remarkable. 


Another feature peculiar to Curcuma inodora, Alpinia vittata and 
Hedychium coronarium is the fact that the stylar canal is usually V- 
shaped. Normally in cases where the ovary is trilocular, it should be 
triradiate, with the radiations corresponding to the loculi, but the 
stylar canal in Zingiberacee is constantly V-shaped. The arms of 
the V are always directed towards the posterior side, and the two arms 
correspond to the two postero-lateral loculi of the ovary. Although 
the ovary contains a prominent anterior loculus, it is not represented 
prominently in the style. This feature is seen in all the three members 
studied belonging to the sub-family Zingiberoidee. It is not seen 
in the sub-family Costoidez. It seems possible to correlate the occur- 
rence of V-shaped stylar canals in Zingiberoidee with the occurrence 
of prominent antero-lateral epigynous glands in this group. 


SUMMARY 


1. The vascular anatomy of the flowers of Curcuma_ inodora, 
Alpinia vittata, Hedychium coronarium and Costus speciosus belonging 
to Zingiberacee has been studied in detail. 


2. The first three species belonging to the sub-family Zingiberoidee 
agree more among themselves than with Costus speciosus belonging 
to the sub-family Costoidee. The separation of these two sub-families 
is thus amply justified on the basis of floral anatomy. 


3. In all the three members of Zingiberoidee studied, the dorsal 
bundles of the carpels run as sepal midribs above the ovary. The style 
receives in these plants, three strands that arise from an anastomosing 
vascular plexus above the ovary, in positions radially to the inside of 
the sepal midribs (dorsal bundles of the carpels). In Costus speciosus 
the dorsal bundles run into the style, the sepal midribs having quite a 
separate origin. 


4. In Curcuma inodora, Alpinia vittata and Hedychium coronarium, 
there are two rings of vascular bundles in the peduncle and the dorsal 
bundles of the carpels are derived from the inner ring. The outer run 
in the ovary wall and supply largely the sepal margins. In Costus 
speciosus, an outer ring of bundles encloses a group of scattered bundles 
beneath the ovary. The outer ring, after running in the ovary wall, 
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provides the median and lateral bundles of the sepals. The dorsal 
bundles of the carpels are derived from the inner group. 


ars Only in Curcuma inodora and Alpinia vittata is there a forma- 
tion of “placento-parietal”’ strands which divide to form the placental 
bundles (which supply the ovules) and the parietal bundles which run 
in the ovary wall opposite the septa. In Hedychium coronarium and 
Costus speciosus the placental and parietal bundles are distinct from 
the start. 


6. The flowers of Curcuma inodora, Alpinia vittata and Hedychium 
coronarium have prominently vascularised glands. These are antero- 
lateral in position and receive their vascular supply from branches of 
the two antero-lateral ‘parietal’? bundles. They are interpreted as 
belonging to the gynecium and not to the andreecium. 


7. The glands of Costus speciosus are shown to be different from — 
typical septal glands in not being slit-like cavities in the septa. They 
are outgrowths from the inner margins of the septa. 


8. The vascular anatomy of one abnormal flower of Hedychium 
coronarium showing a bilocular ovary is also described. The gland 
in its basal part in this flower is completely fused with the style, 
and supports the morphological interpretation of the glands given 
above. 


9. Another important feature observed in the present study is 
that in the basal part specially, the stylar canal is V-shaped in section 
in the sub-family Zingiberoidee where there are also prominent epi- 
gynous glands. The apex of the V is always towards the anterior 
side. 


10. There is greater evidence for considering the labellum of 
Zingiberacee as a double structure and belonging to the inner whorl 
of the andreecium than for the views that assume it to belong to the 
outer whorl. 


ll. In Alpinia vittata, an intra-marginal position of the ovules 
in the syncarpous ovary has been observed. The ovules here arise 
somewhere in the middle of the septa instead of strictly in the axile 
position. 


ACKNOWLEDGEMENTS 


The writers wish to express their deep gratitude to the following 
persons for help rendered by them in connection with this work. 


To Dr. A. C. Joshi, for various suggestions during the progress 
of the work, for lending some literature, and for constant encourage- 
ment; to Prof. John McLean Thompson of the University of Liverpool 
for kindly clarifying certain points of his views; to Dr. K. Biswas, 
Superintendent, Botanic Garden, Calcutta, for the identification of the 
plants studied;. to Rev. Fr. Santapau, for the ready elas he gave in 
connection with the identification of the specimens. 


B.S ev, 


18. 


19. 


THE FLORAL ANATOMY OF SOME SCITAMINEA:—I 147 


LITERATURE CITED 


Bamey, I. W. AND CHARLoTTE, G. Nast. 1943. The comparative morpho- 
logy of the Winteracee, I. Pollen and stamens. J. Arno!d. Arb. 24: 


——_——~-—-, 1943. The comparative morphology of the Winteracer, II. 
Carpels. Ibid. 472-81. 


BaiLey, I. W. AND Swamy, B.G.L. 1951. The conduplicate carpel of 
ee eae and its initial trends of specialization. Amer. J. Bot. 
: 373-79. 


BaImLton, H. 1876. Traité du dévelopoment de la fleur et du fruit. des 
Zingiberacées. Adansonia. II. 


BENTHAM AND Hooker, J. 1880. Genera plantarum. Vol. [IL. 

Brown, R. 1830. Remarks on Apostasia in Wall. Plant. Asiat. Rar. I. 
Eames, A. J. 1947. Introduction to plant anatomy. New York. 

FicH7er, A. W. 1875. Blutendiagramme construirt und erlautert. Leipzig. 


Grecory, P. J. 1936. The floral morphology and cytology of Elettaria 
cardamomum Maton, J. Linn. Soc. Bot, London. 50: 363-91. 


HuTCHINSON, J. 1941. Families of fiowering plants, If. London. 


LogsENER, T. 1930. Zingiberacee in Engler und Prantl. Die natiirlichen 
Pflanzenfamilien, ed. 2. Bd. 15a: 541-640. 


Payer, J. B. 1857. Traité d’ organogénie comparée de la fleur. Paris. 


Purt, V. 1951. The role of floral anatomy in the solution of morpho- 
logical problems. Bot. Rev. 17: 471-553. 


RAGHAVAN, T. S. AND VFNKATASUBBAN, K. R. 1941. A_ contribution to 
the morphology and cytolsgy of Alpinia calcarata Rosc. with special 
reference to the theory or Zingiberous flowering. Proc. Ind. Acad. 
Sei Bee 13: 2325: 


Renpie, A. B. 1930. Classification of Flowering Plants, 1. | Cambridge. 

ScHACHNER, J. 1924. Beitrage zur Kenntnis der Bliiten und Samenent- 
wicklung der Scitaminean. Flora. 117 : 

SCHUMANN, K. 1900. Musa in Engler, Das Pflanzenreich, 1V. 45: 13. 

THompson, J. M. 1933. Studies in advancing sterility, Part VI. The 
theory of Scitaminean Flowering. Publ. No. 1!. Hart. Bot. Lab. 
Liverpool. 

——_—_————., 1934. Studies in advancing sterility, Part VII. The state 
of flowering known as Angiospermy. Publ. No. 12, Hart. Bot. Lab, 
Liverpool. 

. 1936. On the Floral Morphology of Flettaria cardamomum 
Maton. Publ. No. 14. Hart. Bot, Lab. Liverpool. 
as TieGHEM. 1868. Recherches sur Ja structure du pistil. Ann. Sci. Nat. 
V Bot. 12: 127-226. 

—_—-_—---—, 1871. Recherches sur la structure du pistil et sur l’ anatomie 
comparée de la fleur Mem. Savants étrangers a |’ Institute ii. 21 : 1-261. 

Witus, J.C. 1948. A dictionary of the flowering plants and_ ferns. 
Cambridge. 


WINKLER, Hi. 1930. Musacee in Engler & Prantl, Die  natiirlichen 
Pflanzenfamilion. ed. 2. I5a: 505-41. 


ON THE ASEXUAL AND SEXUAL REPRODUC- 
TION OF CHARACIOSIPHON RIVULARIS 
IYENGAR 


By M. O. P. IYENGAR 
University Botany Laboratory, Madras 


Tuis alga was found by the author in February 1936, growing on tiny 
stones and pebbles in the bed of a shallow stream at Vaiyampatti near 
Trichinopoly in South India. A preliminary account of this unique 
alga was published by him in the same year (Iyengar, 1936). In this 
note, he has given only a very brief account of the asexual and sexual 
reproduction of the alga. He collected the alga again from the 
Vaiyampatti stream in 1941 and brought it to Madras and kept it grow- 
ing in the Laboratory in glass dishes in rain water to which some 
Knop’s solution was added, and made some more observations on its 
reproduction and growth, which are given here briefly below. 


ASEXUAL REPRODUCTION 


Just before zoospore formation the contents of the thallus change 
from a bright green to a darkish brown colour, and the entire contents 
of the thallus become converted into a mass of biflagellated zoospores. 
The zoospores after wriggling inside the thallus for some time finally 
escape outside through the rupture of the apical portion of the thallus. 
The zoospores come out in brown clouds which are quite visible to 
the naked eye for some time until they disperse in the water. 


The zoospores are biflagellate and spindle-shaped with a definite 
papilla at the anterior end (Text-figs. 1, 2). They are 5-7 broad 
and 7-12 long, and possess a large anterior eye-spot which is 
elliptic in shape, a more or less stellate chloroplast in which is embedded 
a pyrenoid, and three to five contractile vacuoles which are distributed 
in all parts of the zoospore. The zoospore after swarming for some 
time settles down by its anterior end, and covers itself with a wall and 
secretes a mucilaginous attaching pad at the base (Text-figs. 12, 14). 
The germlings, which soon grow in size, are obovate in shape and possess 
a stellate chloroplast in which is embedded a large pyrenoid, a single 
nucleus and a number of contractile vacuoles (about 2-5). At the basal 
end of the germling two thin thread-like structures traverse downwards 
from the protoplast through the thick wall (Text-figs. 12, 14). These ~ 
are the persisting old basal portions of the flagella of the zoospore 
when it settled down. The young germling, in possessing a stellate 
chloroplast with a pyrenoid in it and the persisting ciliary stalks at the 
base and several contractile vacuoles, closely resembles individuals of 
Characiochloris (Pascher, 1927; pp. 485-87; Korschikoff, 1932, 
pp. 557-62). 
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The development of the germlings was studied in the following 


manner, A few clean glass slides were placed at the bottom of the 
culture vessels in which the alga was growing. When the zoospores 
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Fics. 1-10. Characiosiphon rivularis Tyengar. 


Figs. 1, 2. Zoospores showing chloroplast, pyrenoid, eye-spot and 
contractile yacuoles. Figs. 3, 4. Gametes. Figs. 5, 8,9, 10. Conjugation. 
Figs. 6, 7. Zygotes. (In Figs. 3-10, only eye-spots and pyrenoids shown : 
chloroplasts and contractile vacuoles not shown.) 


_settled down at the sides and the bottom of the culture vessel, quite a 

good number of them settled down on these slides also. The slides were 
taken out periodically, and the various stages of development of the 
germlings were examined under the microscope. The slides were 
returned to the culture vessels after examination. 


The protoplast of the young germling first divides into two and 
then the daughter-protoplasts divide again forming four protoplasts, 
each of which again divides (Text-figs. 11, 13, 15). In this way by a series 
of divisions the protoplasts keep increasing in number (Text-fig. 17). 
No cross wall is formed separating the daughter-protoplasts. During 
each division of the protoplast, the pyrenoid divides first and then the 
chloroplast and the nucleus divide, and two protoplasts are formed each 
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Fics. 11-17. Characiosiphon rivularis Yyengar. 

Figs. 11, 13. Germlings with four protoplasts. Fig. 12. Median optical 
section of a very young germling showing the stellate chloroplast with a 
pyrenoid, the nucleus and the basal ciliary strands. Fig. 14. Surface-view of 
germling in Fig. 12, showing the edges of the stellate chloroplast, a number 
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Characiosiphon rivularis Tyengar 


Fics. 1, 3. Photomicrographs of 


germlings growing attached to slides kept in 


the culture dishes, showing various stages of development. 
Fic. 2. Photograph of a cluster of plants. 
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